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Frontispiece.—View of Yuma Desalting Test Facility in summer 1979 showing ion exchange trailer in center and electrodialysis trailer at right.
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INTRODUCTION

Application of cation exchange softening as pre-
treatment is applicable where calcium must be
removed from feed water to prevent gypsum scaling
in a desalting unit or other device such as a wet
cooling tower in which there is a concentrated
waste stream. A high removal efficiency for calcium
is particularly necessary when calcium and sulfate
are major ions in the feed water and a high
desalting recovery {ratio of product flow to feed
flow) is required. These two conditions often occur
in the desalting of inland brackish waters where
environmentally acceptable disposal of a reject
brine is necessary.

Disposal of reject brine—usually in evaporation
ponds or by injecting into deep wells—can be one
of the most expensive features of a desalting
project. Thus, high recovery is a determinant in
minimizing the reject brine flow and the cost of
brine disposal. The YDP (Yuma Desalting Plant) will
be rather unique comparedto other inland desalting
applications in that the reject brine from the YDP
will be conveyed by canal for disposal to the Gulf of
California. Higher recovery in the YDP would be
used solely to achieve a higher yield of product
water. There is no brine disposal cost factor for high
recovery at the YDP.

This final report describes the background, experi-
mental methodology, results, recommendations
and conclusions of a pilot plant study of cation
exchange pretreatment to desalting at the YDTF
(Yuma Desalting Test Facility) in 1978-79. This
report consolidates an analysis of data contained in
monthly and weekly reports from the YDTF in the

time period of March 1978 through September
1979 (plus November 1979 monthly) published by
the site contractor, PRC (Planning Research Cor-
poration). A requirement of the cation exchange
softener operation was that the desalting reject
brine should provide the sole source of cation
exchange regenerant chemical at process equi-
librium conditions. Some 50 different operating
conditions for exchange cycles were run. Data
were analyzed in a way to better understand the
phenomena occurring in this ion exchange process
and to provide information for a high recovery
feasibility design for the prototype YDP.

Feed water to the ion exchanger was provided by a
solids contact reactor and dual media gravity filters.
High pH lime softening was required (for desalting
by reverse osmosis but not by electrodialysis) to
reduce silica concentrations below the levels
achieved by other similar reactors in operation at
the YDTF. Data and other information on the
reactor and filters (Train IV, see subsec. Pilot Plant
Equipment) are contained in another report [1).!

The Bureau of Reclamation desalting group of the
Mechanical Branch, Division of Design, noted that
testing of high recovery desalting would not be
necessary. It was stated that extrapolation of lower
recovery desalting data from YDTF and manufac-
turers’ data would be sufficient for a feasibility
design of high recovery desalting. Thus, the high
recovery tests program did not include experimental
desalting requirements other than to provide reject
brine for regeneration in cation exchange experi-
ments. Incidental data for the electrodialyzer used
to generate reject brine regenerant are in Appendix
E—Electrodialyzer Operational Data.

"Numbers in brackets refer to the Bibliography.



SUMMARY

Phase 1 — Exploratory Experiments

Results of the initial exploratory experiments (Phase
1} include the following:

" 1. After several serious mechanical and electri-
cal equipment problems were solved, the cation
exchanger and ED (electrodialysis) were operated
successfully with closed loop regeneration in
which desalting reject provided the sole cation
exchange regenerant. This process included a
successful system for recycling regenerant.

2. Operable ranges for theindependent variables
later used in Phase 2 were established. This
included a high value of fresh regenerant (ED
reject brine) concentrations of 50 g/L TDS (total
dissolved solids) or about 95 percent desalting
recovery with a feed water of lime-treated

Wellton-Mohawk Project irrigation drainage

water.

3. Thespecific resin capacity for calcium removal
was about 20 percent less when the regenerant
was 26.7 g/LTDS ED reject brine than when the
regenerant was 3.0 percent NaCl under the
same operating conditions.

4. Areliable accurate method, for automatically
sensing calcium breakthrough of the cation
exchange resin was not found. Periodic manual
operator titration was used in all remaining
éxperiments to sense the termination of the
service or exhaustion mode.

5. Quite surprisingly, gypsum (CaSO,-2H,0)
scaling did not occur in the resin bed during
regeneration under a wide range of operating
conditions. Rather, gypsum precipitation was
properly confined to the regenerant recycling
system. Numerous previous investigations of
cation exchange softeners regenerated with
high sulfate solutions (discussed in this report)
had shown that special measures were neces-
sary to control resin scaling by gypsum. Fall and
winter temperatures were always cool and,
thus, the impact of warmer temperatures on
gypsum scaling rates had not been observed
during Phase 1.

Phase 2 — Response-surface Experiments

A three-level, four-variable experimental design
with 27 observations was run in Phase 2 to

establish a response surface for the major de-
pendent variable, the TWRC (time-weighted resin
capacity) and the control variables. Three additional
screening runs using a feed water backwash rather
than recycled regenerant, two additional runs
using a lower calcium breakthrough point for
service, and one run using SHMP (sodium hexmeta-
phosphate) addition to the regenerant were com-
pleted also in Phase 2. Unfortunately 2 of the 27
response- -surface observations resulted in outlying
performance (hlgh residuals in the statistical data
analysis ) as a result of hurrying the experiments to
meet program time constraints. Specifically, during
these two rurs, insufficient numbers of conditioning
cycles were aliowed for chemical equilibrium in the
recycled regenerant system to have been estab-
lished, which required deletion of those two ob-
servations from the data analysis.

Gypsum scaling of the resin occurred during re-
generation in many Phase 2 experiments with
control variable levels similar to those in Phase 1
when no scaling had been observed. It was estab-
lished clearly in a limited bench scale experiment
that temperature was an important uncontrolled
independent variable and that higher midyear
temperatures promoted this gypsum scaling. Perma-
nent harm to resin properties was not detected
from gypsum scaling, for the resin capacity had
fully recovered after NaCl regeneration.

During some screening experiments, advantage
was not found in lowering the maximum allowed
calcium breakthrough concentration as ameans to
increase resin capacity. Advantages for using re-
cycled regenerant were demonstrated. Conversely,
one of the three runs using feed water for backwash
rather than recycled regenerant was the only cycle
condition in Phase 2 that could not be operated
closed loop {without added NaCl regenerant).

Phase 3 — Additional Experiments

Several test methods were performed in additional
experiments (Phase 3) to control gypsum scaling of
the resin that was observed during regeneration in
Phase 2 during high regenerant temperatures.
Successful methods included:

¢ Filtration of gypsum crystallites from recycled
regenerant,

¢ Higher regeneration flow rates (up to a limit),
and

¢ Addition of SHMP (a scale inhibitor) to the
regenerants.



Itwas found that addition of SHMP is not necessary,
however, if recycled regenerants and high regen-
eration flow rates are used (24 L/min with 340 mm
inside diameter, 0.1 m3 volume resin bed). The use
of SHMP here would be:-costly in any case. Very
poor cation exchange performance was observed
when injection of air'was tried to destratify the
resin bed prior to regeneration.

Multiple Regression ‘Analysesv

An analysis of the 25 response-surface observa-
tions showed that fresh regeneration flow rate,
TDS concentration, and the volume of recycled
regenerant were the significant variables affecting
TWRC. The TWRC is the specific cation exchange
capacity of the resin for calcium in equivalents per
liter divided by the total cycle time in minutes.
TWRC is inversely proportional to the design resin
requirement. An equation was developed relating

TWRC with fresh regeneration flow rate, fresh -

regenerant TDS concentration, and recycled re-
generant volume.

An analysis of 28 observations that include Phases
2 and 3 data shows that increasingly higher fresh
regeneration flow rates improve performance up to
some limit, which was not precisely defined. A
statistical analysis of semiquantitative gypsum
scaling intensities in the resin bed—based on
visual observations noted in the operators’ log
together with data from Phases 2 and 3—substan-
tiated that gypsum scaling of the resin was pro-
gressively more severe as regenerant concentration
and temperature increased and regenerant flow
rate decreased. However, this scaling intensity had
zero correlation with TWRC, the most important IX
performance parameter. Mitigation of scaling oc-
curred when either the regenerant concentration
or temperature were lowered or when the regen-
erant flow rate was increased.

The mean and standard deviations of TWRC in all
the experiments were 1.23 + 0.27 meq/(L.-min). A
rather low (22 percent) relative standard deviation
for ali observations illustrates that TWRC is de-
termined largely by the total exchange capacity of
the cation exchange resin and the relative constant
feed water composition during these experiments.

Gypsum Settling Tests
Limited experiments described in this report provide

data for use in designing a regenerant recycling
system. The gypsum settled at faster rates than

was observed for calcium carbonate. in lime soft-
ening jar tests at the YDTF.

Microbiological Growth

High plugging factors were noted in ED féed water.
Various analyses indicated that uncontrolled micro-
biological growth was responsible for organic by-
products in the water. Chlorine residual was not
maintained in the IX (ion exchange) feed, IX product,
ED feed, or IX regenerants. Chlorine was removed-
because of low tolerance of the IX resins to
chlorine. Detrimental effects from this biological
activity toward IX or ED performance were not
noted—other than minor clumping of IX resin
beads caused by the microbiological by-products.
However, there could be a detrimental effect of
microbiological products on RO (reverse osmosis)
performance if RO were used as the desalting
process. Resin manufacturers recommend storing
resin in a strong (10 percent) NaCl solution and
periodically flushing the resin bed with formalde-
hyde solution when needed as a means of control-
ling such microbiological growth. The IX product
water fed to an RO also should be disinfected.

Design Recommendations

Based on the experimental results, a recom-
mended set of operating conditions were devel-
oped for cation exchange pretreatment systems
for the YDP operated at high recovery. Important
operating conditions provide for control of gypsum
scaling of the cation exchange resin and maximum
TWRC. These operating conditions include using
high regeneration upflow rates producing about
50-percent bed expansion and using recycled
regenerant. Common gel-type cation exchange
resin is recommended. Common piping for the IX
feed and regenerant effluent would eliminate the
possibility of gypsum scale accumulating in the
regenerant effluent piping which results from the
supersaturated calcium sulfate. With common
piping, any small scale accumulation from the
regenerant effluent becomes redissolved in the IX
feed during each cycle. The use of SHMP as a
scale inhibitor is not needed in RO feed water
after IX pretreatment if advantage is taken of the
low calcium leakage of the IX process; this would
result in cost savings for SHMP of about $1
million annually for the YDP. Further process
improvements could result from using a packed
bed during at least a portion of the regeneration
rather than a fluidized bed and using higher
exhaustion flow rates, but this would require
further IX testing.



Testing and demonstration of an IX bed with brine
regeneration at Yuma should be modeled to
obtain performance of a prototype system because
of the importance of flow distribution in controlling
gypsum scaling of the resin. Comparisons of RO
and ED desalination should include the pretreat-
ment advantage of ED that silica generally is not
concentrated by ED and often does not require
pretreatment removal prior to ED. In using lime
softening, a lower lime dosage—when silica
removal is not needed—yields a lower calcium
concentration in the IX feed resulting in a smaller,
more effective IX system.

Future refinement of this IX process should include
systematic studies of the effect of feed water
composition and recovery. It would help define

the feasibility of IX for different sites and appli-
cations. Such studies should include the mech-
anism of gypsum precipitation kinetics as a func-
tion of temperature and its effect on the IX
process. A computer program would be developed
from such work which would yield the equipment
capacity and recommended IX cycle conditions
from an input of the feed water composition, feed
water flow, and desalting recovery.

Also, there is great potential that the use of cation
exchange softening prior to RO can reduce the
rate of colloidal membrane fouling through the
stabilization of colloids in the RO feed water. A
high level of softening retards colloid coagulation
and membrane fouling which occurs during the
RO desalting process. This area needs further
research and practical demonstration.



CONCLUSIONS

Using cation exchange softening as a pretreatment
for high recovery desalination with only the de-
salting reject brine as the cation exchange re-
generant has been demonstrated successfully for
possible inclusion to the Yuma Desalting Plant. It
is believedthat, in these experiments, temperature
was demonstrated for the first time to be very
important in the potential for gypsum scaling of
the resin when using sulfate-containing brine

regenerants. Scaling can be controlled—at least it
was at the Yuma Desalting Test Facility—by using

high regeneration upflow rates and recycled re-
generantvolumes. However, when gypsum scaling
did occur during less favorable operating con-
ditions, the resin capacity did not seem to be
affected by the scale, and any trace of gypsum
scale was removed after several cycles using
NaCl regenerant. Disinfecting the IX product and

possibly the IX resin is recommended to avoid
high plugging factors in the desalting feed water
caused by slime resulting from microbiological
growth.

Moreover, cation exchange softening could provide
a very successful pretreatment system for the
YDP with several process advantages oveér the
major pretreatment alternative—lime-soda soften-
ing. With cation exchange:

o High cost of soda and importing it would be
avoided, -

¢ Less sludge would be formed that require:
disposal, and -

¢ Pretreatment system would be less sus-
ceptible to possible upsets of the sludge
blanket in the reactor-clarifier.



BACKGROUND

Existing Yuma Desalting Plant Design

Construction of the YDP was authorized by
Congress in Public Law 93-320 [2] to meet the
requirements of a treaty signed by the United
States of America and the Republic of Mexico [3].
The YDP will reduce the salinity from the WM
{Wellton-Mohawk) Irrigation and Drainage District
having a projected salinity of 3200 mg/L TDS
(total dissolved solids) to provide Mexico with
irrigation water of satisfactory quality from the
Colorado River. Public Law 93-320 requires that
the technology in the YDP be advanced but
commercially available.

Presently, the YDP is being designed for a product
water capacity of 4.2 m3/s (96 000 000 gal/d).
The nominal product water recovery will be about
70 percent, which is based largely on economic
analyses by the desalting equipment suppliers. At
design capacity, YDP will be capable of producing
a product water salinity of 264 mg/L. TDS or less.
An 82-km-long bypass canal will convey reject
brine {about 30 percent of the feed water) to the
Gulf of California. In a competitive bid procedure-
completed in October 1978—spiral wound RO
(using cellulose acetate membranes) was the
desalting process selected for YDP based on cost
and performance.

The purpose of testing at the YDTF [4] has been for
providing data for the selection and design of the
YDP pretreatment and desalting equipment [5].
Pretreatment testing at YDTF led to the selection
of partial lime softening for YDP. Extensive testing
of membrane desalting culminated in 1980 (after
the present study} with the proof testing for final
acceptance of prototype RO systems for the YDP.
The expected average WM brine canal raw and
lime-treated water compositions for the YDP
(table 1) are similar but not identical to present
water at the YDTF. {Note that the lime-treated
water composition in Table 1 does notinciude the
necessary addition of acid prior to desalting.)

High Recovery Design Requirements

In addition to authorizing the YDP, Public Law
93-320 requires that measures for replacing the
quantity of water wasted in the plant’s reject brine
be identified and reported to Congress [2]. An
engineering study [6] was done to indicate the
most feasible methods of obtaining higher recov-
eries while reducing the brine volume. This study

indicated that the best approach for achieving
higher recoveries would be to change the existing
pretreatment and desalting plant design. To
achieve 90 percent recovery at the same feed rate
would require about 50 percent more membrane
area through additional desalting equipment.
Osmotic pressure of the brine limits the recovery
of RO to about 90 percent or less for WM water at
the upper limit of allowable pressure in the
existing celluose acetate RO modules to about
3100 kPa (450 Ib/in?), Recoveries of greater than
90 percent with RO would require the addition of
a tail-end plant such as an evaporation brine
concentrator or high-pressure RO with seawater-
type. membranes, which could significantly in-
crease the project cost. Electrodialysis probably
could be operated as a tail-end process at a
recovery of 95 percent without much change in
the standard type of hardware; however, energy
costs would be high. Other desalting processes
were considered and eliminated because they
were either too costly or would be incompatible
with the existing YDP design. -

The partial lime pretreatment system generally
has provided satisfactory water quality at the
YDTF for membrane desalting at recoveries up to
about 80 percent. However, testing at recoveries

Table 1. — Canal and lime-softened water
compositions projected for the YOP
for 70 percent recovery operation

Canal *Pretreated
Constituent water water
mg/L mg/L
Calcium 258 145
Magnesium 90 85
Sodium 739 739
Potassium 9 9
Strontium 258 145
Bicarbonate 385 19
Chiloride 870 870
Sulfate 1011 1011
Nitrate 1 1
Phosphate <1 <1
Silica 25 23
Iron <1 <0.06
Manganese 1 <01
pH 8.1 95
TDS (ions
summation) 3392 2904

* After 200 mg/L lime dosage as 90-percent calcium oxide



above 80 percent at YDTF generally resulted in
accelerated performance degradation-—usually
attributable to gypsum scaling. (These prebid
testing data are still considered proprietary by the
desalting equipment suppliers.) This is a direct
result of the inherent limitations in the chemistry
of the partial lime softening process [7], which
uses lime only to remove that portion of calcium
related to temporary hardness (equivalent to
bicarbonate present) but not the calcium related
topermanent hardness. This amounts toless than
half of the calcium in WM water (table 1}. Soda
ash can be added besides the lime to remove the
permanent hardness [7] allowing further recovery
before gypsum precipitation. Silica scaling of RO
membranes would be expected also at high re-
coveries. Thus, an improved pretreatment system
to remove more calcium and silica would be
needed for higher water recoveries in the YDP.

High Recovery Pretreatment Selection

Pretreatment selected for achieving high recovery
would use the same lime-softening and clarification
equipment as the 70-percent recovery plant. It
would use additional lime to raise the pH to about
10.2 to precipitate magnesium for silica reduction

followed by IX softening with strong acid cation
exchange resin to remove additional calcium. A
comparison between the existing system design
and the possible higher recovery system is on
figures 1 and 2. Major new equipment for high
recovery would include the IX, additional desalting
equipment, and tankage. As shown on figure 2, the
IX process would use the desalting reject brine as
the source of salt for regenerating the cation
exchange resin and probably recycle this regen-
erant. The use of imported NaCl chemical as
regenerant would make iX pretreatment unfeasible
because of the high chemical cost.

Alternatively, conventional lime-soda softening also
could provide the required pretreatment. Lime-
soda softening would use essentially the same
equipment as the existing partial lime softening.
However, the chemical costs for soda ash would be
great. Chemical costs with the IX process would be
much less, but capital costs of IX would be high [6,
8]. Lime-soda softening was not tested at YDTF.

Calculations were used to determine the maximum
allowable levels of calcium ion and silica in the
pretreated WM water for RO operation without
scaling athigh recoveries. Computer calculation [9]

LIME
PARTIALLY
REACTOR SOFTENED PRODUCT (70%)
RAW WATER _|CLARIFIER WATER MEMBRANE WATER R
FILTERS DESALTING
pH = 95

Ca CO5 SLUDGE

REJECT BRINE_ (30%)

Figure 1.—Existing Yuma Desalting Plant design.

LIME
TR TR PARTIALLY :
REACTORE{  SOFTENED SOFTENED U777/, PROJUCT
RAW WATER _fCLARIFIER: WATER |ON WATER QEMBRANE WATER (90-95%)
>} FILTERS & EXCHANGER DESALTING
2 pH = 10.2 LS / AN
.................. N o0TIONAL
l RECYCLE FRESH BRINE - DESALTING
Ca €O, 'SLUDGE REGTEANS}?ANT REGEEEIEANT (5-10%) . EQUIPMENT.
CONTAINING Si 0,
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Figure 2.—Possible modifications to YDP for achieving high recovery.



were used to estimate the maximum calcium
concentration in WM water without the addition of
SHMP scale inhibitor for equilibrium gypsum pre-
cipitation in the RO brine. These results gave an
.upper limit of about 35 mg/L Ca*? at 90-percent
desalting recovery and 17 mg/L Ca*2 at 95-percent
recovery. The allowable maximum dissolved silica
levels—assuming a 120 mg/L. saturation concen-
tration in the brine—are about 12 mg/L at 90-
percent recovery and about 6 mg/L at 95-percent
recovery. These do not account for concentration
polarization that would additionally lower the above
concentration limits by roughly 20-percent for the
case of spiral-wound RO, but this 20-percent
reduction can be offset by SHMP addition, which
retards the rate of gypsum precipitation. Because
ED does not concentrate SiQ,, only the Ca*2 limit
applies, and SiO, removal by the pretreatment for
ED alone would be unnecessary,. which is one
obvious advantage of ED over RO. (This means that
high lime softening for SiO, removal would not be
necessary for ED pretreatment. Unfortunately, in
the high recovery feasibility design there was an
erroneous assumption that Si0, removal would be
necessary for both ED and R(Z).) Strontium also
would need to be removed in the pretreatment for
recoveries above about 85 percent to avoid stron-
tium sulfate scaling in RO and ED. Strontium re-
moval is achieved readily in a cation exchange
softener.

There were no previous IX data for softening WM
water prior to the present study. Experimental data
have been collected from pilot plant IX testing of
several other brackish waters with somewhat
similar compositions to that of WM water for
which successful IX softening was achieved [10,
11, 12]. In each case, reject desalting brine was
used as the IX regenerant.

IX Process Considerations

Certain basic differences in the cation exchange
softening cycles have evolved between using
desaltingrejectbrineregenerationinhighrecovery
desalting pretreatment applications (table 2) as
comparedtousingthecommonNaClregeneration.
{Numerous sources of information on standard Na
cyclesoftening are available{13, 14, 15].)Aspecial
emphasis for highrecoveryisplacedoneliminating
anunnecessarywastage of water fromtheprocess,
for not to do so resulits in an overall net loss in
product water recovery for the combined pretreat-
ment-desalting system. Also, becausethe average
amount of new regenerant available per cycle is
fixed by the average amount of water produced

during exhaustionper cyclethatisconcentratedas
reject by the desalting process, the regenerant is
recycled to be used more than once. This recycling
technique was first demonstrated on a pilot scale
at the Firebaugh Facility of the Water Resources
Division of the State of California [12].

Table 2. — Comparison between IX softening
cycles, NaCl regeneration and desalting
reject brine regeneration.

Mode Input Output

A, .
NaCl Regeneration Used in Standard Cation Exchange
Softening ’

Exhaustion Feed water Product
Backwash Feed water Waste
Regeneration - NaCl Waste
: solution

Drain Air vent Waste
Slow rinse Feed water Waste
Fast rinse Feed water . Waste
B

Regeneration with Desalting Reject Brine for High
Recovery Pretreatment

Exhaustion Feed water Product

Drain 1 Air vent Product

Regeneration | Recycled Waste
regenerant

Regeneration 2  Recycled Used regenerant
regenerant

Regeneration 3  Fresh desalting Used regenerant
brine

Drain 2 Air vent Used regenerant

Rinse (slow) Feed water Recycled

(optional)

An additional and most important change from
usual NaCl regeneration is that to use desalting
reject brine as the regenerant, regeneration is
carried out upflow having different amounts of
bed expansion and fluidization depending on the
upflow velocity and water temperature. This is
done because regenerant effluent nearly always
is supersaturated with calcium sulfate to some
extent-a consequence of the high amounts of
calcium eluted from the cation exchange resin
during regeneration and the high concentrations
of sulfate inthe desalting reject. It would probably
by impossible to operate at all under similar
conditions of calcium sulfate supersaturation if it
were not for the fact that calcium sulfate pre-
cipitation and scaling takes time to form [16].
Fortunately, using a sufficiently high regeneration



flow rate can cause the supersaturated spent
regenerant to be removed from the column con-
taining the cation exchange resin before scaling
occurs there. The fluidized bed aids in removing
any just-formed gypsum crystallites to be removed
from the bed.

Another advantage results from counterflow
operation which is exhaustion and regeneration
in opposite flow directions. Because the fully
exhausted resin containing the highest concen-
tration of absorbed calcium ion is at the top of the
resin bed, when the breakthrough of calcium just
occurs at the bottom of the bed, upflow regen-
eration minimizes the average depth of bed
through which the eluting calcium ions must
pass. In turn, this minimizes the average contact

time between the resin and the eluting regenerant
supersaturated in calcium sulfate. Another ad-
vantage of counterflow operation is that the initial
leakage from the column during exhaustion con-
sists of water in equilibrium with the most fully
regenerated resin at the bottom of the bed, which
results in lower calcium leakage than with coflow
operation—which is exhaustion and regeneration
inthe same flow direction. Poorer IX performance
during downflow (coflow) reject brine regeneration
as compared to during upflow (counterflow) regen-
eration has been documented in several reports
[10, 17]. A general discussion of this process in
terms of ionic equilibria and conservation of Na*
by regenerant recycling is contained in Appendix
I-How Does This Cation Exchange Softening
Process Succeed?



EXPERIMENTAL METHODOLOGY

Pilot Plant Equipment

The YDTF experimental equipment for the IX tests
consisted of:

s a solids contact reactor-clarifier and dual
media filters for partial lime pretreatment,

the IX pilot plant,
an electrodialyzer,
a regenerant recycling system, and

various interconnecting water storage tanks,
piping and pumps.

Raw water (saline irrigation return flow) was
pumped from the WM main conveyance channel
into a grit basin. Primary chlorine (about 6mg/L
dosage) was applied at the grit basin inlet. The
grit basin {fig. 3) had a settling basin where the

more coarse suspended material settled before
the influent entered the lime-treatment system.
At times, a trashrake, shown in figure 4, was
used at the inlet from the canal to contain large
floating weeds from the influent.

The lime-treatment system consisted of a 3.0-
meter-diameter solids contact reactor-clarifier (fig.
5) called Train IV followed by a filter. This reactor
was an internal sludge-recirculation type manu-
factured by Eimco (Envirotech Corp.). Generally, it
was operated using a 114-L/min throughput,
Water from the grit basin was combined with lime
slurry to maintain a pH of 10.4 in the reaction zone
for silica removal, and 7.5 mg/L of Fe,(SO,); was
added presumably to improve process stability and
clarification. The effluent was acidified to a pH of
about 7.0 with H,S0, prior to filtration by Filter 9B.
Filter media consisted of layers of anthracite coal,
silica sand, and a grated gravel support. Further
information on Train IV plus Filter 9B is available[1].

Most IX system components were located in an
air-conditioned van. Tanks and some piping and

TSt
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Figure 3.—Grit basin. PB01-D-80050
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pumps were located outside (fig. 6). Layout drain-
age (figs. 7, 8, 9) and a simplified flow schematic
(fig. 10) show the interrelations with components.
The IX pilot plant contained two transparent acrylic
columns, 2.5 meters high and 0.34 meter inside
diameter, each charged with about 0.10 cubic
meters of Amberlite 200 macroreticular cation
exchange resin (fig. 11). Resin bead size was 1.18
to 300 um diameter (No. 16 to No. 50 U.S.A.
Standard Sieve} and bed depth was about 1 meter.
Most of the IX process was controlled by a micro-
processor operating roughly 35 electric motor-
activated valves (fig. 12) and 4 pumps (fig. 6). The
length of each step or mode in an IX cycle was
controlled by either time duration by micro-
processor clock, volume of water throughput, or
calcium breakthrough concentration in the ex-
haustion effluent. Operators {(on duty 24 hours per
day) measured and adjusted flow rates, measured
tank volumes, physijcally titrated samples of the IX
exhaustion effluent to monitor for the calcium
breakthrough concentration, made other readings
and measurements, collected samples for the

Figure 4.—Canal intake trashrake. P801-D-80049

YDTF Chemical Laboratory, and recorded obser:
vations on data sheets and in logs.

The ED was lonics, Inc. Aquamite V model with
Mark Il stack containing two electrical stages and
four hydraulic stages, 250 total cell pairs having
polarity reversal, and a nominal feed capacity of
38L/min. It was operated to achieve a range of
TDS concentrations in the reject brine of 20 to
50g/L. An ED was selected in preference toan RO
for experimental convenience. When the pilot
plant equipment was ordered, selection of YDP
desalting equipment from among the RO and ED

Figure 5.—Train IV solids contact reactor-clarifier
P801-D-80051



processes had not been completed. Results of
these |X experiments should have been substan-
tially the same if an RO had been used instead of
anED unit. The high lime treatment using Train IV
was used to provide low silica water to the IX-ED
as would be required by an RO, even though this
was not needed for the pilot plant ED.

Experimental Procedures

The following measurements were made during
each cycle;

* Volume of water throughput during each
mode was determined from volumetric data
obtained by measuring the cross-sectional
area and the differential levels of water in the
appropriate tank. Height of water in a tank
was measured usually using a sight tube and
arule.

* Regenerant volumes usually were metered

using tanks 1 or 2, which were filled auto-
matically upon microprocessor command up
to the preset height of an adjustable probe
sensor from one of the larger regenerant
storage tanks.

Volumetric flow rates were measured usually
with Signet-brand, paddle-wheel-type flow-
meters. The lowest regeneration flow rates (3
L/min in 25-mm pipe) were toc low to give a
response from these flowmeters and had to
be measured manually using a 1000-milli-
meter graduated cylinder and a stopwatch,
Flowmeter readings were checked frequently
with measured differential tank volumes and
elapsed times.

iX column effluent and ED product and brine
conductivities were monitored continuously
using inline sensors.

Figure 6.—Tanks for ion exchange pilot plant. PB01-D-80052
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During formal data collection cycles, indi-
vidual samples were collected and analyzed
for calcium, magnesium, and sodium. Com-
posite sampleswere made and analyzed for all
major anions and cations plus TDS by sum-
mation ofionsinthe YDTF chemical laboratory
using standard analytical methods.

Calcium and total hardness were monitored
during IX operation by the operators using
EDTA titrations to determine the X calcium
breakthrough point to terminate the exhaus-
tion mode and to monitor water compositions
in the process tanks.

Desalting recovery was related to TDS concentra:
tion (mg/L) in the reject brine by:

cf'ce
C}—C

P

R= (100) (1)

Figure 11.—Acrylic column containing cation exchange resin.
P801-D-80053
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where
R

desalting recovery in percent,
C,= TDS Concentration of reject brine (fresh
IX regenerant),

C,= TDS concentration of desalting feed (IX
exhaustion effluent), and

C, = TDS concentration of desalting product.

Equation 1 canbe derived fromthe mass balances of
water and total dissolved solids and the definition
of desalting recovery—product flow divided by feed
flow. In the equation, usually a product salinity of
427 mg/L and feed salinity of 3300 mg/L were
assumed for daily operation of the ED and IX
regeneration. The 3300 mg/L feed salinity cor-
respondstoan averageforthewater atYDTF during
the experiments. The 427-mg/L product salinity
was an estimate for RO productwater inthe YDP for
projected high recovery operating conditions. Dur-
ing IX data reduction, recoveries were calculated

- - '_f}

' uj"n‘ W\

Figure 12.—Motorized valves, control valves, and pipe rack.
P801-D-80054



from salinity measurementsofthe ED feed, product,
and brine determined in the Chemistry Laboratory
using the preceding equation, not from flow rate
measurements — which generally are subject to
greater error. Brine concentration was determined
operationally by evaporation at 103 °C inthe YDTF
Chemistry Laboratory — usually daily — be-
cause more than a week was required to obtain
summation of ions TDS data. There was consistent
agreement between TDS by evaporation andTDS by
summation of ions. Generally, the IX experiments
were run at three different levels of ED brine
concentration, which were established in the ex-
ploratory experiments: 20, 35, and 50 g/L of TDS
corresponding to calculated recoveries of 85.5,
91.8, and 94.3 percent, respectively.

For a closed loop process (no imported regeneration
chemicals), the new regenerant volume available
per cycle normally would be limited and equal to
the volume of ED reject brine generated per cycle—
on the average. This fresh regenerant volume V/
used was balanced with the volume theoretically
made V; calculated from the IX exhaustion volume
V, and the ED desalting recovery R (as a decimal
fraction) calculated from TDS concentrations using
the expression V, = V, (1 - R). A trial and error
approach toward a balance of volumes was neces-
sary because the exhaustion volume V, is affected
somewhat by the amount of regenerant being
used. In each experimental run, an initial fresh
regenerant volume V,was intuitively selected and
used. After at least three similar IX cycles to obtain
an equilibrium condition using this V,, a theoretical
V, available was calculated and compared to V,. If
the values of V, and V, did not agree within 10
percent, a new V, was selected and the process
repeated until approximate equality between V,and
V/ was achieved.

The limitation in fresh regenerant volume generated
by the ED per IX cycle was overcome by recycling
regenerant. The regenerant recycling system, con-
sisting of tank 6 and tank 5 (fig. 13), functioned as
follows:

Regenerant effluent was pumped into tank 6.
This used regenerant was probably always
supersaturated in calcium sulfate from the
fact that there were both high concentrations
of sulfate in the desalting reject and high
concentrations of eluted calcium in the used
regenerant.

e During the regeneration, a residual of gypsum
crystals was maintained in suspension in
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Figure 13.—Regenerant recycling system consisting of tank 6
(left) with agitator for calcium sulfate desupersatura-
tion and storage tank 5 (right). PB01-D-80055

tank 6 through the use of an agitator. This
agitation was used to promote rapid desuper-
saturation of the calcium sulfate.

e At least an hour prior to the next use of
recycled regenerant in the subsequent cycle,
the agitator was turned off to allow the crystals
to settle to the bottom of tank 6. (Some data
on settling rates for these gypsum crystals are
given in RESULTS —subsection Gypsum
Settling Tests).

¢ The clear supernatant from tank 6 was trans-
ferred by gravity flow to tank 5 for temporary
storage just before its use as recycled re-
generant.

e The effluent fromtank 5 was filtered also just
prior to use as regenerant during some of the
later Phase 3 experiments.




¢ The gypsum solids in the bottom of tank 6
needed to be drained out infrequently since
their accumulation rate was small compared
to the volume of tank 6.

A free chlorine residual averaging 0.5 mg/L was
maintained in the pretreatment system up through
IX feed tanks 9 and 10. Chlorine was added to
control biological growth in the system. The IX
feed water was dechlorinated through injection of
sodium sulfite solution just before entering the IX
to protect the cation exchange resin from gradual
oxidative attack. Also, dechlorination prevented
any chlorine from subsequently attacking the ED
membranes downstream which were sensitive to
chlorine. However, dechlorination did allow some
biological microfouling to develop in the resin and
in ED feed water, which yielded a high plugging
factor, as discussed in the RESULTS of this report.

Independent Variables

During development of the test program, four
experimental independent (controli variables) were
selected as being probably the most important.
They were:

¢ Fresh regenerant concentration,

¢ Fresh regenerant flow rate,

¢ Recycled regenerant flow rate, and
¢ Recycled regenerant volume.

The fresh regenerant concentration determines a
desalting recovery for a particular pair of feed and
product concentrations and the fresh regenerant
volume(as just discussed). Thus, desalting recovery
and fresh regenerant volume are not independent
variables. The effects of other variables such as
resin bed height and exhaustion flow rate can be
predicted from resin manufacturers’ data{18, 19]
and books on IX design [13, 14, 15]. This is not the
case for the four experimental independent varia-
bles listed above.

Calcium breakthrough concentration for exhaus-
tion was fixed also by the fresh regenerant (ED
reject brine) concentration. The breakthrough con-
centration was calculated [9)] as the calcium con-
centration where calcium sulfate saturation would
be reached in the ED reject brine at a given
desalting recovery. The average calcium /eakage
(concentration in the IX exhaustion effluent) during
the entire exhaustion always was less than a third
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of the calcium breakthrough concentration. Thus,
the feed to the ED was always conservatively far
below the value which would actually yield any
calcium sulfate precipitation in the brine. Addi-
tionally, two special experiments were run in
Phase 2 using lower calcium breakthrough con-
centrations than the corresponding calculated
calcium sulfate saturation value.

Normally, temperature is arelatively less important
variable in cation exchange softening. Usually, it
only significantly affects—in predictable ways—
the amount of bed expansion during backwash
and the hydraulic pressure drop through the resin
bed. Temperature, has never been reported to
have an important effect in any of the previous
mentioned studies using reject brine regeneration.
Likewise, temperature was not perceived to be
important as a result of the exploratory experiments
run at YDTF in late 1978 during cool ambient and
water temperatures. But, during the second experi-
mental phase in late spring of 1979, as the ambient
temperatures near Yuma increased, it was found
that gypsum scaling of the resin occurred whenever
there was a combination of high regenerant con-
centration, a low regeneration flow rate, and high
water temperatures. The temperature variable
{largely uncontrolied in these experiments) is dis-
cussed extensively in the RESULTS.

The effect of several other discrete control variables
were studied. They included:

o Type of backwash water (lime-pretreated
water versus recycled regenerant),

e Addition of SHMP to the regenerants to
retard gypsum precipitation,

o Filtration of recycled regenerant, and

¢ Use of air injection to mix and destratify the
IX bed between regeneration and service.

Dependent Variables

A major dependent or response variable is specific
resin capacity in eq/L, which is the number of
equivalents of ions absorbed per liter of resinin the
exhaustion mode of an IX cycle. In the present IX
process, theprimaryinterestisthe absorbedcalcium
ion. But for design purposes, the specific resin
capacity indicates only a partial description of total
resin use and requirements. When comparing dif-
ferent IX cycle conditions, especially with different
regeneration procedures or where the exhaustion



flowrateisavariable, thetotal cycletime necessary
to accomplish the required softening is important
also because the lower the cycle time, the more
frequent is the completion of a cycle wherein the
absorptive capacity of the resin is utilized. Thus, a
different quantity (TWRC time-weighted resin
capacity) was defined as the specific resin capacity
divided by total cycle duration. The amount of resin
required in a plant design is inversely proportional
to the TWRC.2 The TWRC was selected as the
major dependent variable in the reduction of data
and in the selection of recommended IX cycle
conditions.

Leakage or slippage of calcium (the average effluent
concentration during exhaustion) is another de-
pendent variable of interest in IX. But, since the
calcium /eakage in these experiments was always
so much lower than the previously determined
allowable leakage rates, only the calcium resin
capacity or TWRC were of consequence as
dependent variables in the data analyses.

Experimental Design
Experimentation was performed in three phases.

The first was the exploratory phase that had five
objectives:

1. Tooperate the IX and ED integrally for the first

time with regenerant recycling and to correct
mechanical and operational problems in the
system.

. Tooperate the IX using 10-percent NaCl solution
as theregenerant to establish baseline perform-
ance with which to compare performance
using desalting reject brine as the regenerant.

. To evaluate different methods of terminating
the exhaustion including:

—automatically monitored effluent,
—hardness,

2 The volume of working resin required in a plant design can be
calculated from

B Op (Cei_cea)
resin ~ TWRC
where . o
V .sin = volume of ion exchange resin in L
Op = steady-state IX plant capacity in L/min
C, = |X influent calcium concentration in meq/L
c = IX effluent calcium concentration in meq/L

ea
TWRC = time-weighted resin capacity for calcium

removal in meq/{L-min)
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—in-line effluent conductivity,
—exhaustion duration, and
—exhaustion volume,

and to compare each of these methods to
operators’ manual sampling and titrametric
calcium analyses of the exhaustion effluent.

. To establish operating characteristics and their
limits (particularly highest recovery) of the ED
using IX-softened WM feed water.

. To establish limits of upper and lower values
for the four control variables used in Phase 2
experiments.

Phase 2 experiments (for feasibility design purposes)
were for the primary purpose of developing the
response of the major dependent variable (TWRC)
to the significant independent variables.

A statistical design [20] was selected rather than
the classical or unplanned approach because of
several advantages for a planned statistical design,
particularly for a multivariable study. Probably the
most important benefit of a statistical design is that
more information is obtained per test run as
compared to an unplanned approach, which is
desirable because time, money, and manpower
usually are limited. An organized statistical design
approach results in data that is much easier to
analyze and interpret (usually statistically). Another
advantage is that the reliability of the data can be
expressed in terms of experimental and analytical
variation (or error), which gives more credibility to
the results and conclusions. Finally, the interactions
among multiple experimental variables are defined
better, which allows more reliable predictions of
the response variables in regimes not covered
directly by the experimental conditions.

A Box-Behnken [20] experimental design was
selected. The Box-Behnken design is efficient to
obtain data for a statistical and multiple regression
analyses. The analyses yield equations and graphs
relating the dependent response variables with the
independent control variables, which are useful in
the design of an ion exchange process.

For four independent variables the Box-Behnken
design requires 27 observations or test runs in-
cluding three midpoint replicates. For each obser-
vation, each of four independent variables was
assigned one of three levels (a low, high, or a
midpoint that is a mean of the low and high values)



according to the sequence dictated by the experi-
mental design. The pattern for this design is in table
3 [20]. The order of performing each observation
was established randomly except for the following
constraint. Observations were ordered into six
groups during which brine concentration was kept

Table 3 — Four variable Box-Behnken —
three blocks of nine points

Xq Xz X3 Xg

Block 1
+1 +1 0 0
+ ~1 0 0
-1 +1 0 0
-1 -1 0 0
0 0 +1 +1
0 0] + -1
0 0 -1 +1
0 0 -1 -1
0 0 0 0]

¢ Block 2
+1 0 0 +1
+1 0 0 -1
-1 0 0 +1
-1 0 0 -1
0 +1 +1 0
0 +1 -1 0]
0 -1 +1 0
0 -1 -1 0
0 (4] 4] (4]

Block 3
+1 0 +1 0
+1 0 -1 0
-1 0 +1 0
-1 0 -1 0
0 +1 0 +1
0 +1 0 -1
0 -1 0 +1
0 -1 0 -1
0 0 0 0

In this representation each of the independent
variables (x, through x,) has three levels: a high +1, a
low -1, and a middle 0. Note that the center point
condition (0, 0, Q, 0) occurs three times.
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at a single level for four to seven observations. The
order within each of the six groups was random.
The groups were formed to reduce the total time
required to make new concentrations of fresh and
recycled regenerants in chemical equilibrium with
the system whenever the concentrations were
changed, since each concentration change would
require up to 2 weeks. In addition to 27 Box-
Behnken observations, Phase 2 experiments
include:

e Two observations to measure effects of
changing the maximum allowable calcium
concentration of the effluent used as an
indication when to terminate exhaustion,
often called the breakthrough point.

Three observations to study use of a feed
water backwash (the standard IX procedure)
instead of recycled regenerant, and

One observation to evaluate SHMP addition
to the fresh regenerant for retarding calcium
sulfate precipitation.

in Phase 3, the nine experiments were designed
to study additional process variables and higher
fresh regenerant flow rates as determined from
RESULTS —Phase 2. New process variables
included:

a using filtration for gypsum crystallites in
recycling regenerant,

air mixing for destratifying the resin bed
between regeneration and rinse, and

addition of SHMP to both fresh and recycled
regenerants. _

Most Phase 3 experiments were included to study
methods for controlling resin scaling by gypsum
that occurred during hot summer temperatures of
the Phase 2 study. Gypsum scaling of the resin
was not observed under any combination of oper-
ating conditions during cool winter ambient temp-
eratures of Phase 1.



RESULTS

Results of the three experimental phases are
presented here. Detailed data and descriptions
are inthe appendixes. Multiple regression analysis
of the data are given with the TWRC as the
dependent variable. Optimum IX operating con-
ditions were determined. Further data analyses
were done to define combinations of control
conditions and temperature when gypsum scaling
of the cation exchange resin did not occur.

Phase | Exploratory Experiments

The first several months beginning in March 1978
were spent in resolving equipment malfunctions.
Major equipment problems are noted in appendix
F. Successful Phase 1 operation began in late
September 1978. Detailed data and a chrono-
logical description of these exploratory experi-
ments are in appendix B. Key Phase 1 findings
follow.

Baseline NaCl Cycles. — Results of cycle 1.03.28
indicate a calcium RC (specific resin capacity) of
0.188 eq/L (equivalents of calcium removed per
liter of resin). This was typical when 3.0-percent
NaCl regenerant was used for the operating con-
ditions established including a normal feed water
backwash and no regenerant recycling. This run
established a baseline performance for which
results from cycle 2.01.09 were compared.

Cycle 2.01.09 used ED reject brine for regenerant
having a concentration of 26.7 g/L TDS. All other
operational conditions of cycle 2.01.09 were
similar to cycle 1.03.28. For cycle 2.01.09, the
resin capcity was 0.149 eq/L, or 21 percent less
than that of 1.03.28. This difference was not
surprising since the ED reject brine contained
calcium that would tend to oppose the regenera-
tion effect caused by the sodium in ED reject. The
amount of regenerant used in cycle 2.01.09 was
about 50 percent greater than what could be
made by concentrating the exhaustion volume per
cycle. All further Phase 1 experiments were
operated under closed loop constraints whereby a
main requirement was to balance the fresh re-
generant used with the ED reject brine made per
cycle.

Upon initial exploratory operation of the lonics
Aquamite V electrodialyzer, it was found that the
maximum possible brine concentration was nearly
60 g/L. TDS for safe operation of the ED with the
installed membranes, configuration, and feed
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water. Under this ED operation, almost all makeup
to the internally recirculating concentrate loop
was from normally occuring leakages from dilute
to concentrate cells and mixing of streams during
polarity reversal. The 60 g/L high value would not
be possible when either feed water TDS or feed

~ water temperature would drop because they both

do seasonally. Thus, 50 g/L TDS was selected as
a conservative maximum. Operational data for the
ED are in appendix E.

Recycling Regenerant.—Procedures for recycling
regenerant were developed during Phase 1. Regen-
erant effluent from IX generally is supersaturated
with calcium sulfate when sulfate-containing
rejectbrine is used as the regenerant. The purpose
of tank 6 and tank 5 (fig. 13) was to allow this used
supersaturated regenerant to be recycled. Desup-
ersaturation was accomplished by allowing the
spentregenerant to approach a saturated condition
by batch mixing followed by crystallite settling in
tank 6. Gypsum solids from previous IX cycles
were retained in the bottom of tank 6 to speed
nucleation and precipitation. After the gypsum
crystals had settled, clear supernatant in tank 6
was transferred to tank 5 for temporary storage
and later use as recycled regenerant in the
subsequent regeneration.

Attempt was not made to optimize mixing and
settling times during the exploratory tests. Mixing
and settling times were determined solely by the
available time while maintaining normal IX opera-
tion. For example, in cycle 2.02.174 the agitator in
tank 6 was operated during the 3-minute drain-
down of regenerant from the IX column following
regeneration. The settling was allowed to occur
during the 10-minute rinse and during the first 60
minutes of the service mode. The gravity transfer
of recycled regenerant from tank 6 to tank 5 was
allowed to continue during the remainder of
service, or for 111 minutes. The concentration of
major ions and TDS in tank 28 (fresh regenerant
or ED brine) and tank 6 {used or spent regenerant
after mixing and settling) following cycle 2.01.174,
which was typical, are given in table 4. -

A hypothetical, completely supersaturated compo-
sition flow in tank 6 is given also in table 4 for
cycle 2.01.174. This supersaturated composition
was estimated by the following calculations:

1. A total supersaturated calcium concentra-
tion flow into tank 6 before any precipitation
formation was calculated from a balance of the
total major cation (sodium, magnesium, and



Table 4.—Recycling regenerant following cycle 2.01.174—November 27, 1978
{TDS includes some minor constituents not listed)

Tank 6

Tank 28 Tank 6 Tank 6

lon Measured Measured Supersaturated* Saturated 20 °C

mg/L meq/L mg/L meq/L mg/L meq/L mg/L meq/L
Ca 113 565 1570 78.5 4 880 244 1400 60
Mg 239 19.6 1295 106 1 300 106 1300 106
Na 18100 789 10700 464 10700 464 10 700 464
SO, 15000 313 5040 105 13 000 270 4 600 96
Cl 17800 503 19400 548 19 400 548 19 400 548
DS 51 500 — 38100 — 49 400 — 37 500 —

* A hypothetical condition, assuming no calcium sulfate (gypsum) precipitated, was calculated as follows (see text

for explanation):

(Ca)=789 +19.6 + 5.65 ~ 464 - 106 = 244 meq/L from a cation balance between tank 28 and tank 6; thus, prior
to CaS0, precipitation, tank 6 had 244 - 78.5 = 165.5 meq/L more Ca and SO, than was measured.

{SO,4) =105 + 165.5 = 270 meq/L.

TDS =38 100+13 000-5040+4880 - 1570 =49 400 mg/L; as a check: TDS = 38 100 +(165.5) 68 =

49 400 mg/L.

calcium) concentrations in meq/L between
tank 6 and tank 28. That is, in regeneration 3,
the regenerant from tank 28 exchanges cations
with the resin in that the total equivalents
leaving the resin bed flowing into tank 6 equals
the total equivalents entering from tank 28—
provided that no dilution by other water occurs,
which is the present case. Furthermore, the
dissolved magnesium and sodium concentra-
tions measured in samples from tank 6 should
not change from the influence of calcium
sulfate precipitation. Thus, the supersaturated
calcium concentration in tank 6 is calculated as
the value whereby the total major cations in
tank 6 would be equal to those in tank 28.

2. The sulfate concentration into tank 6 was
increased by the same number of meq/L as the
calcium was increased, because calcium and
sulfate precipitate as gypsum in equivalent
amounts.

3. The supersaturated TDS in tank 6 was
increased by the mg/L increase in calcium and
sulfate.

Also, in table 4 are concentrations of calcium,
sulfate, and TDS at saturation and 20°Cintank 6,
which were estimated using a computer program

(app. G).

Table 4 values indicate that about 68 percent (166
meq/L) of calcium was removed in tank 6. The
theoretical maximum removal at 20 °C is 71
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percent or 174 meq/L. Thus, the actual removal
values correspond to nearly 95 percent complete
desupersaturation. interpreted another way, about
165.5 meq/L [actually about 14 g/L as gypsum
(CaSO,-2H,0) or 11 g/L of CaSO,] were removed
during recycling, and also the TDS decreased by
about 11 g/L. The theoretical amount removed to
complete saturation would be nearly 12 g/L of
CaSO0,. Since 250 liters of fresh regenerant were
used andrecycled during cycle 2.01.174 (neglect-
ing draindown losses, which were significant in
the pilot plant), the total CaSO, precipitated was
about actually 2.8 kg or theoretically 3.0 kg per
cycle. This mass of precipitate per cycie is small
comparedto the 3280-kg water capacity of tank 6.

In any case, there had been problems with scaling
in tank 5 and in the filter, pump, and piping
downstream of tank 5, which indicates that com-
plete desupersaturation had not occurred. Some
of this additional precipitation could be attributed
to diurnal changes in water temperature after
leaving tank 6, which causes the gypsum solubility
to change. Further investigation of this problem
occurred during the Phase 2 experiments.

Sensing Exhaustion Breakthrough.—Different
methods of automatically sensing exhaustion
breakthrough were evaluated. Each was discarded
because of one or more shortcomings. A total
hardness analyzer (Hach Chemical Company
model 1714) was tested but found unreliable,
mainly because the breakthrough concentrations
were much greater than its accuracy range, and a



separate dilution system could not be operated
reliably. The IX effluent conductivity measure-
ments were found to be deficient in sensitivity to
changes in calcium to sodium ionic ratio that
occur at breakthrough. Exhaustion duration and
exhaustion volume varied too much among indi-
vidual cycles at the same conditions to be used as
a reliable service end point during these experi-
ments. Therefore, manual operator titration for
calcium was the only method used successfully
for detecting calcium breakthrough concentrations
in all the Phase 2 and Phase 3 experiments.

Control Variable Levels Established for Phase
2.—Results of the exploratory testing phase were
analyzed to provide high and low levels for the
control variables in the response-surface experi-
ments. These results showed that the IX-ED
system could operate satisfactorily at any combin-

ation of selected high and low levels of the four .

control variables.

The four major independent control variables in
the response-surface variables, three-level Box-
Behnken design variables, and two additional
screening variables (two levels each) are listed in
table 5. Each of the four response-surface control
variables has a midpoint value which is the high
and low mean values. The reasoning of selecting
each of these variable levels follows.

Table 6.—Phase 2 control variables

Control

variable Units Low High Midpoint

Response-surface control variables

Fresh regenerant

concentration g/LTDS 20
Fresh regenerant

flow rate
Recycled

regenerant

flow rate

(Reg. 2)
Recycled

regenerant

volume

(Reg. 2) L 0 1600 800

Screening control variables {no midpoints)
Service

50 35

L/min 3.0 8.0 5.6

L/min 8.0 24 16

termination

point for

calcium meq/L 1.5 4.5
Type of

backwash — Feed- Recycled

water water regenerant
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Fresh regenerant concentration was measured in
samples from the reject brine storage tank 28 by
the summation of major ions determined by chem-
ical analyses. The TDS by evaporation was used
only for daily operational settings of ED desalting
recovery and, thus, fresh regenerant volume.

Desaltingrecoverywas calculated mostaccurately
from the TDS of the desalting feed, product, and
brine using equation 1 rather than flow rates—as
notedpreviously. Becausefeed and product did not
vary greatly in these experiments, recovery was
predominantly a function of brine concentration.
As previously noted, the 50-g/L high regenerant
concentration level was the highest concentration
that could be reliably achieved by the present ED
unit (including a safety factor in case of a slightly
lower feed TDS or feed water temperatures). The
20-g/L lowlevelwas derived from apractical lower
limit of high recovery of about 85 percent. There
wouldbe noneedfor IX besides lime softeningifthe
recovery were much less than 85 percent.

Fresh regenerant flow rate was investigated. The
high level of 8.0 L/min approached the highest
value for which satisfactory IX operation can be
achieved when there was no recycled regenerant.
A higher flow rate could be used with recycled
regenerant, but higher flow rates without using
recycled regenerant gave a less efficient regen-
eration resulting in progressively smaller service
volumes and, consequently, less producible fresh
regenerant from the desalting reject than the
regeneration consumed. A balanced experimental
design required that the system should operate at
steady-statewiththe highest freshregenerant flow
rate and no recycled regenerant. The low level
of 3.0 L/min was determined to be the lowest that
would be practical. With lower flow rates the time
spent in regeneration would become excessive
relative to the exhaustion time when ail of the
softening is done. It is noted that gypsum scaling in
the resin was observed even at such lowregenera-
tion flow rates during Phase 1.

Practical recycled regeneration flow rate levels
were established experimentally. The high flow
level of recycledregenerant of 24L/min gave about
50-percent resin bed expansion, depending on
water temperature, with the present 340-mm-
inside-diameter columns. The 8.0-L./min low level
was the lowest that could still give a reasonable
recycled regeneration time for the recycled regen-
erant volumes that were used.



Recycled regenerant volume was defined in these
experiments as the additional volume after the
initial 240 L (24.0 L/min for 10 min) of recycled
regenerant usedfor backwashwater. The low level
of zero liter was the minimum while retaining the
backwash. The 1600-L maximum was the usable
remainingtank5 capacity in additiontothe 240L of
backwash.

Exhaustion termination point was the maximum
peak calcium concentration leakage allowed in the
effluent during exhaustion. The peak calcium ef-
fluent concentration was used as the indication
that the cation exchange resin was close to its
calcium absorption capacity atthe conditions of the
IX cycle. The value of the exhaustion termination
point was selected to be a function of the brine
concentration or desalting recovery. This reflects
thevaryingrequirements for the allowable calcium
in desalting unit feed to prevent calcium sulfate
scaling in the reject brine stream within the de-
saltingunitfor differentbrine concentrationfactors.
The termination points for 20-, 35-, and 50-g/L
brine concentrations were 4.5, 3.0, and 1.5 meq/L
of calcium, respectively. These calcium concentra-
tions arevalues estimated by computer calculations
[9] corresponding to calcium sulfate saturation in
the desalting reject. Exhaustion termination point
controlled by the accumulated average calcium
concentration of the total effluent of service would
have been ideal; however, this value would be
difficultto measurepractically. Thus, these calcium
breakthrough points were conservatively low be-
causethe mean |leakage during exhaustionwasfar
below these maximum values allowed at break-
through.

Note that the exhaustion termination point affects
quality of fresh regenerant that is made from IX
exhaustion effluent. A higher termination point
implies a greater exhaustion water volume—other
conditions being equal—but the higher calcium
content of the resulting brine creates a less favor-
able regenerant composition. Limited screening
runs in Phase 2 were designed to indicate whether
these interactions would be significant to overall
performance.

Backwashwatertypewasthefinal controlvariable
selectedfor Phase 2 experiments. The X feed water
and recycled regenerant were to be compared
during the 10-minute, 50-percent-bed-expansion
backwash. This variable is, of course, a discrete
variable rather than a continuous variable.

Having selected this set of control variables and
their high and low levels for use in the Phase 2
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response-surface experimental design, Phase 1
exploratory experiments concluded in December
1978.

Phase 2 Response-Surface Experiments

As presented in the previous section, Phase 1
exploratory experimental results were used in the
design of the Phase 2 response-surface experi-
ments. Phase 2 started in January 1979 and
concluded at the end of August 1979. About a
month of testing was lost in April caused by
equipmentproblems-primarilywith the ED-which
are described in appendix F.

Experimental Design.—The original Phase 2 ex-
perimental design (table 6) had the following three
features:

1. Afour-control variable, three-level BoxBehnken
design (table 3) was used to develop the response-
surface specific resin capacity and TWRC as a
function of:

s fresh regenerant concentration,

fresh regenerant flow rate,

recycled regenerant flow rate, and

a recycled regenerant volume.

The 27 runs were numbered 3.01.00 through
3.27.00 without a suffix, and each IX cycle in arun
was designatedin sequencebythe lasttwo digits of
the run number. The runs were divided into three
blocksto cancel out the potential effects of external
uncontrolled variables.

Specifically, each IX regeneration consisted of
three steps:

Step 1. —Abackwash of 24L/min(nominally
50-percent resin bed expansion) for 10 min-
utes using recycled regenerant with the col-
umn effluent going to waste.

Step 2. —Regeneration with recycled regen-
erantwiththeflowrates andvolumeslistedin
table 6 (note that zero volume also was
included) with the effluent going to the re-
generant recycling system.

Step 3.—Regeneration with fresh ED brine
regenerant of specified concentration with
the effluent to be recycled.



Table 6. — Phase 2 — High recovery ion exchange screening-response
surface experimental design

Fresh Step 2 Step 2 Calcium
regenerant Nominal Fresh recycled recycled  exhaustion
Run concen- desalting regenerant regenerant regenerant termination
' number, tration, recovery,* flow rate, flow rate, volume, point,
Block No. mg/L TDS percent L/min L/min L meq/L

1 3.01.00C 20 000 85.5 8.0 16.0 800 1.5
3.02.00C 20 000 85.5 3.0 16.0 800 1.5
3.01.00 20 000 85.5 8.0 16.0 800 4.5
3.02.00 20000 85.5 3.0 16.0 800 45
3.03.00 35 000 91.8 5.5 8.0 1600 3.0
3.04.00 35 000 91.8 5.5 8.0** 0 3.0

CP 3.05.00 35 000 91.8 5.5 16.0 800 3.0
3.06.00 35 000 91.8 5.5 24.0 1600 3.0
3.07.00 35 000 91.8 5.5 24.0** 0 3.0
3.07.008 35 000 91.8 5.5 NA NA 3.0
3.08.00 50 000 94.3 30 16.0 800 1.5
3.09.00 50 000 94.3 8.0 16.0 800 1.5

2 3.10.00 50 000 94.3 5.5 16.0 1600 1.5
3.11.00 50 000 94.3 5.5 16.0** 0 1.5
3.11.00B 50 000 94.3 5.5 NA NA 1.6
3.12.00 35 000 91.8 3.0 8.0 800 30
3.13.00 35 000 91.8 3.0 24.0 800 3.0

CP 3.14.00 35 000 91.8 5.5 16.0 800 3.0
3.15.00 35 000 91.8 8.0 8.0 800 3.0
3.16.00 35 000 91.8 8.0 24.0 800 3.0
3.17.00C 20 000 85.5 5.5 16.0 1600 1.5
3.18.00C 20 000 85.5 5.5 16.0** 0 1.5
3.19.00C 20 000 85.5 5.5 8.0 800 1.5
3.20.00C 20 000 85.5 5.5 240 800 1.5
3.17.00 20 000 85.5 5.6 16.0 1600 4.5
3.18.00 20 000 85.5 5.5 16.0** 0 45
3.18.00B 20 000 85.5 5.5 NA NA 45

3 3.19.00 20 000 85.5 556 8.0 800 45
3.20.00 20000 85.5 5.5 24.0 800 45
3.21.00 35 000 91.8 3.0 16.0 1600 3.0
3.22.00 35000 91.8 8.0 16.0** 0 3.0

CP 3.23.00 35 000 91.8 5.5 16.0 800 3.0
3.24.00 35 000 91.8 8.0 16.0 1600 3.0
3.25.00 35 000 91.8 3.0 16.0** 0 3.0
3.26.00 50 000 94.3 5.5 8.0 800 1.5
3.27.00 50 000 94.3 5.5 24.0 800 1.5

* Dependent upon brine concentration assuming a feed of 3300 mg/L TDS and a product of 473 mg/L TDS.
** Actual setting unimportant since zero volume throughput in step 2.
CP — Center point condition repeated three times gives estimate of experimental variability.
B — Run number designation for feed water backwash and no regenerant recycle.
C — Run number designation for low exhaustion termination point for calcium of 1.5 meq/L for 20 000 mg/L TDS
brine concentration.
NA— Not applicable because recycled regenerant was not used when there was a feed water backwash.
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The volume of fresh regenerant used per cycle was
theoretically balanced with the amount of ED brine
made per cycle. It was calculated from the desalting
recovery and the average exhaustion volume as
described earlier in Experimental Methodology.
The calcium exhaustion termination concentration
was a direct function of the brine concentation or
desalting recovery, which realistically reflects de-
salting equipment feed requirements.

Upon completion of the design experiments, data
were analyzed by multiple regression to give a
statistical analysis and a second order polynomial
expression involving the four control variables.
They were plotted parametrically. These are pre-
sented and discussed in later sections.

2. Three screening runs designated by suffix B use
a feed water backwash rather than recycled re-
generant. These runs were used to indicate whether
there was a significant IX performance difference
between using feed water or recycled regenerant
for backwash.

3. A lower exhaustion termination point (expressed
as meq/L calcium in the IX product effluent) was
used as an additional screening variable for six
runs designated by suffix C. These were all run at
the lowest brine concentration or desalting re-
covery. Data resulting from these runs were used
to assess if the exhaustion termination point signi-
ficantly affected the total resin requirements in an
IX design.

During the experiments, the following were held
constant:

= exhaustion flow rate of 30 L/min,
s asingle rinse of 15 L/min for 10 minutes,

s draindown after exhaustion or feed-water
backwash,

s draindown after regeneration, and
a the method of recycling regenerant.

Of course, other operating methods were applied
when sodium chloride regeneration was used to
make ED feed water for new fresh regenerant
production, when the regenerant concentration
was changed or when regenerant was lost under
nonequilibrium operating conditions.

Numerical Data. —A summary of results from the
response-surface experimental runs is given in

table 7. Detailed data for each run are in appendix
C. Each data cycle was preceded by three or more
cycles at the same operating conditions to establish
a system equilibrium.

This completed design (table 7) departed from the
original planned design (table 6) in three ways.
First, runs 3.17.00C through 3.20.00C (additional
runs not contained in the basic Box-Behnken
design) were deleted because of a shortage of time.
The purpose of these runs was to determine the
response as a result of varying the IX exhaustion
calcium breakthrough concentration. Sufficient
information for this purpose was obtained from
runs 3.10.32C and 3.02.12C. Second, runs 3.26.00
and 3.27.00 were done out of the original order as
3.26.12D and 3.27.25D. This was done also to save
time {2 weeks or more) by avoiding having to
remake new volumes of the highest concentration
fresh and recycled regenerants in chemical equi-
librium with the IX-ED process if the original
schedule had been followed. Third, run 3.18.12E
was added. In this run, SHMP (100 mg/L) was
added to the fresh regenerant (21.8-g/L of TDS) to
test the effect of SHMP on gypsum precipitation in
the column and the response of IX performance.
Run 3.18.12E is discussed in a later section(SHMP
Addition to Regenerants) along with two other runs
in Phase 3 (4.04.07E and 4.06.07F) during which
SHMP also was added to the regenerants.

Calcium Breakthrough Point. — Results show
that increasing the calcium breakthrough point
above the levels that normally were used in these
experiments would increase the specific calcium
resin capacity significantly but not the TWRC. this
is evident in comparing resin capacities of runs
3.01.32C and 3.02.12C with 3.01.15 and 3.02.08,
respectively (table 7). The former two runs used a
1.5-meq/L calcium breakthrough point, and the
latter two used the normal 4.5-meq/L calcium
breakthrough point. Comparisons among these
runs do not support an advantage from a higher
breakthrough point for increasing TWRC.

Source of Backwash Water. — Thee greatest
benefit of using recycled regenerant rather than
feed water for backwash is that the overall water
recovery of the combined pretreatment-desalting
system process is higher if feed water is not wasted
for backwash. However, when using the recycled
regenerant, IX resin capacities are higher, par-
ticularly at very high desalting recoveries. Run
3.11B proved to be the only run which was not
self-sustaining; in other words, not as much
regenerant was produced as was used. An equi-
librium could not be reached as service volumes
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Table 7. — Summary of response-surface experimental design

Fresh Fresh_. Recycled Recycled Fresh Resin Resin Duration, Dura- Exhaustion

regen. regen. regen. regen. regen. capa- capa- exhaus- tion, fraction TWRC,

Cycle Date conc., flow, flow, volume, temp., city, city, tion cycle of cycle meq-Ca

No. g/LTDS L/min L/min L °C eq-Ca/L eg-TH/L min min time {L-min)

1979

3.10.32C Jan27 223 8.00 14.6 800 125 0.328 0511 176 350 0.50 0.94
3.02.12C Feb 1 204 3.15 145 800 15.2 419 .636 203 563 .36 .74
3.01.15 - 8 206 7.18 145 800 15.7 544 .647 322 577 .56 .94
3.02.08 14 200 3.01 14.8 800 19.5 451 654 226 615 .37 .73
3.03.28 Mar 3 339 5.85 7.96 1600 16.7 .570 794 238 584 41 .98
3.04.23 12 335 544 8.0 0 201 506 657 182 303 .60 1.67
3.05.15 17 328 5.51 15.6 800 19.0 466 .667 204 367 .56 1.27
3.06.13 21 333 5.62 23.7 1600 188 .682 731 246 448 .55 1.30
3.07.04 22 329 542 240 0 189 466 612 189 307 .60 1.62
3.07.048 23 343 5.49 N/A N/A 21.5 513 .690 180 299 .61 1.72
3.08.77 May 2 51.3 3.16 16.2 800 220 .346 520 158 318 .50 1.09
3.09.10 4 520 8.02 16.5 800 27.0 469 616 171 278 .62 1.69
3.10.156 9 503 559 16.6 1600 22.3 .526 .766 208 397 .52 1.32
3.11.12 12 51.8 5.49 16.0 0 242 342 .537 152 228 .67 1.50
3.11.-8 N/A 50.0 55 N/A N/A run not setf-sustaining so never completed successfully
3.26.120 26 521 5.48 7.82 800 28.0 456 .527 185 367 .50 1.24
3.27.25D0 June 2 534 5.42 24.2 ~ 800 28.0 .369 .497 162 270 .60 1.37
3.12.09 6 357 3.09 8.06 800 28.7 .399 .536 175 445 .39 0.90
3.13.08 8 339 2.96 24.6 800 31.5 .398 .544 183 394 46 1.01
3.14.10 11 33.0 547 16.3 792 31.9 442 .565 190 346 .55 1.28
-3.15.08 13 337 7.93 8.06 792 35.8 477 .581 193 373 52 1.28
3.16.06 15 36.1 8.01 24.3 791 33.5 483 .594 193 307 .63 1.68
3.17.08 18 202 5.49 17.3 1595 284 473 597 231 530 44 .89
3.18.09 21 200 5.38 16.0 o] 278 441 541 213 420 .51 1.05
3.18.138 25 20.6 5.47 N/A N/A 30.2 .392 471 176 341 .52 1.15
3.19.09 28 19.4 5.42 8.77 800 35.0 429 .518 180 440 41 .98
3.20.10 July 2 19.6 5.58 231 805 32.0 452 .657 200 433 .46 1.04
3.18.21E 9 218 5.40 N/A N/A 30.3 .380 .488 189 353 .54 1.08
3.21.56 Aug 2 339 3.00 16.1 1588 36.5 607 737 245 571 43 1.06
3.22.12 6 33.8 7.68 16.0 0 33.2 426 .637 186 279 .67 1.63
3.23.33 22 344 5.51 16.2 794 29.5 .655 .815 336 546 .62 1.20
3.24.11 25 34.6 7.92 15.5 1573 30.8 .690 .867 346 561 .62 1.23
3.25.10 29 333 3.04 16.0 0 295 .336 .468 211 384 .55 .88




became progressively smaller as fresh regenerant
volumes were adjusted lower to match the volume
of rejected ED brine produced per cycle. This is
demonstrated by the data noted in table 8. This run
used feed water backwash and the highest con-
centration fresh regenerant, 50 g/L corresponding
to a recovery of 94.3 percent, which also means
that a total volume of fresh regenerant available
per exhaustion volume was the lowest. Run 3.11.12
was comparable to 3.11B except that recycled
regenerant (240 L) was used for backwash (called
regeneration 1 when recycled regenerant was
used).

A comparison betweenruns 3.18.09and 3.18.13B
(20-g/L TDS regenerant level) indicated a higher
TWRC using recycled regenerant for backwash.
But another comparison between runs 3.07.04 and
3.07.04B (35-g/L regenerant level) indicated lower
TWRC using the recycled regenerant. However,
the difference in TWRC in each pair is not great

comparedto experimental variability of all the runs.
Thus, while it cannot be concluded that TWRC
always is greater when using recycled regenerant
for backwash, it is clear that to maintain an overall
high water recovery with the IX process (not to
waste feed water for backwash, although this
backwash water could be recycled to some degree)
and to be able to operate closed loop successfully at
very high recoveries (94 percent and above at
Yuma), recycled regenerant must be used for the
backwash.

Gypsum Precipitation During Regeneration. —
As previously mentioned, gypsum (CaSO,-2H,0)
precipitation in the IX column—during regene-
ration—was first observed during test runs in the
spring and summer of 1979. Various symptoms,
depending upon severity, included:

o Milkiness in the upflow regeneration ef-
fluent above the bed (fig. 14)

Table 8. — Volumes and concentrations of IX fresh regenerant and exhaustion waters
for conditioning cycles of run 3.11.00B (May 1979)

Estimated
Fresh fresh Estimated .
Cycle No. regenerant regenerant Exhaustion  ED feed Ratio,
3.11008  Date  volume V, DS, volume V,, DS, R, __Vi
Run No. L mg/L L mg/L % (1-R)V,
May
08 14 250 53 330 4080 3330 95 1.14
09 14 251 53 330 2900 3330 95 1.60
10 14 251 53 330 2840 3330 95 1.64
1 14 252 53 330 2490 3330 95 1.89
12 15 251 52520 2790 3630 94 1.48
13 15 250 52 520 2760 3630 94 1.49
31 21 99 53120 1140 3480 94 1.562
32 21 1156 53120 890* 3480 94 2.27
33 21 117 53120 1160 3480 94 1.77
34 22 114 52 580 1070 3540 94 1.81
35 22 1156 52 580 1100 3540 94 1.77
36 22 122 52 580 1160 3540 94 1.78
37** 22 121 52 580 3100 3540 94 0.66
38** 22 122 52 580 1650 3540 94 1.25
39** 22 122 52 580 1140 3540 94 1.39

Instrumentation and symbols:

V; : Fresh regenerant volume is measured by the change in supply tank (T-28) water level.

V, : Exhaustion volume is measured by a Signet flow totalizer.

TDS: Total dissolved solids concentration of ED feed is estimated from electrical conductivity (Beckman RC-18A).
TDS of fresh regenerant is determined by evaporation {103 °C) in the chemical laboratory.

R: Percentage desalting water recovery based on the ED feed TDS concentration, fresh regenerant TDS
concentration, and a projected design TDS concentration of 473 mg/L in the desaiting product (see

equation 1 in Experimental Methodology).

*No unusual condition explaining this early breakthrough was reported; however, it is not rare to see anomalous
performance in initial cycles following a change in operating conditions.
** Cycles conducted using column 2 in the IX pilot plant to verify the performance trend observed using IX column

| in previous cycles.
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¢ Clumping of resin beads

s Channeling of water around these clumps
particularly evident during upflow

¢ Unevenness of the top surface of the resin
bed which normally is uniform {fig. 15)

¢ Cementation by gypsum of approximately the
top one-third of the resin bed

¢ White powder (gypsum) settling onto the bed
surface from the regenerant effluent (fig. 16)

¢ Plugging by gypsum scale of the upper column
distributor and upper effluent piping.

The identification of the white precipitate as gypsum
was verified by X-ray diffraction atthe E&R Center.
Some of the worst symptoms occurred in run
3.11B, which (previously described) was the only
run scheduled that could not be completed suc-
cessfully.

Because, under very similar conditions, successful
cycles were completed with no visible gypsum
precipitation in November 1978, a brief bench
scale screening investigation was undertaken to
identify whether temperature—an uncontrolled
variable related tothe season—was contributing to
the gypsum precipitation. For this purpose, two
simple laboratory glass columns about 25 mm in
diameter were each loaded to a depth of about
300 mm with exhausted cation exchange resin
from column 2 of the pilot plant. Each of these
small resin beds were regenerated with portions of
the fresh regenerant from tank 28 used in run
3.11B using upflow velocities comparable to those
used in run 3.11B. Regenerant into one column
named A" was cooled in a refrigerated water bath
to 156°C (similar to the temperatures during the
Phase 1 experiments in November). Regenerant
into "B’ (the other column) was warmed to 30°C
(comparable to the temperature occurring during
run 3.11B). The following results were obtained.

1. Observable precipitation phenomena (chan-
neling, cementing, blanketing) in column “A”
during the cycle conducted using 15 °C re-
generant, was slight and qualtitatively com-
parable tothat observed during pilot piant column
operation under similar circumstances during
November 1978. That is, the only gypsum pre-
cipitation symptoms observed were the very
fine crystallites that were carried out of the
column inthe spent regenerant above the resin
bed.
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2. Precipitation occurring in column “B," during
the two cycles using 30 °C regenerant, was
visually comparable to the precipitation observed
in the pilot plant column operation during May
1979. That is, symptoms of cementing of the top
one-third of the resin bed were observed. Chan-
neling of the regenerant flow, cementing of
resin into loosely coalesced clumps, and blank-
eting of precipitate on the resin bed surface were
observed, and all remained well into the ex-
haustion mode. Symptoms of cementing were
more severe during a second cycle than during
the first cycle.

3. The specific resin capacity for exchanging
calcium was estimated from titration data for
calcium in exhaustion effluent samples. Capaci-
ties were:

Column “A’” — regenerant

temperature 15°C ........ 0.5 eqg/L
Column “B’’ — regenerant
temperature 30 °C
CycleNo. 1 ......... 0.50 eq/L
CycleNo.2 ......... 0.43 eq/L

Thus, the bench scale screening investigation
clearly demonstrated the effect of two levels of
regenerant solution temperature {15 and 30 °C)
on the occurrence of visual gypsum precipitation
phenomena. Further IX bench tests were not
done.

Therefore, it was substantiated that temperature
was a major variable (uncontrolled) in these experi-
ments. Temperature dependency had not been
reported in any previous work of which the
authors were familiar. Several months later, the
authors obtained an article alluding to the impor-
tance of temperature in affecting gypsum scaling
when sulfuric acid is used to regenerate cation
exchangers [21)].

Another brief experiment using the IX pilot plant
demonstrated that the inability to complete run
3.11B was not due to a possible gradual degrada-
tion in performance of the resin in column 1 such
as could be caused from repeated resin scaling.
Column 2 was operated for several cycles under
similar conditions using the same influent solu-
tions as used in column 1. Prior to this, column 2
had been used almost exclusively to provide feed
periodically to the ED for makeup brine, and in the
17 preceding cycles (with column 2) 12-percent
NaCl was the regenerant. The resulting perform-
ance of column 2 under conditions of run 3.11B
duplicated the trends in performance of column 1
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Figure 16.—Severe resin clumping and uneveness in the resin profile at the top of the bed due to
cementation by precipitated gypsum. P801-D-80057.
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(table 8). That is, self-sustaining operation of column
2was not achieved, andthe same gypsum scaling
symptoms as for column 1 were observed. Thus,
the nonself-sustaining IX behavior observed could
not be attributed to degradation of the resin in
column 1 as possibly could be suspected from
repeated gypsum scaling. Furthermore, it was
consistently observed that gypsum scaling symp-
toms disappeared and cation exchange capacity
was restored following several cycles with NaCl
regeneration. Thus, gypsum scaling of the resin
was shown to be reversible.

It was qualitatively observed that:

— high regenerant concentrations,

high regenerant temperatures,

low fresh regenerant flow rates, and

low volumes of recycled regenerant

contributed to the severity of gypsum scaling.
Additional experiments in Phase 3 were designed
to address conditions for controlling the gypsum
scaling. A semiquantitative statistical analysis of
these gypsum scaling phenomena is given later in
the subsection entitled: Statistical analysis of resin
scaling potential.

Phase 3 Experiments

Following completion of the Phase 2 response-
surface experimental design, a third phase of
experimentation was begun. Phase 3 runs were
primarily for the purpose of studying methods of
controlling the gypsum precipitation in the IX
column. It occurred during brine regeneration with
certain combinations of the control variables and
high regenerant temperatures during Phase 2.

Since only about 1 month (Sept. 1979) was the
maximum time available for these additional ex-
periments, the scope of the experiments was
limited to encompass several well-defined operat-
ing procedures:

s higher fresh regenerant flow rates,

s filtration of the recycled regenerant prior to
entering the IX column to exclude the intro-
duction of any gypsum crystallites,

s the addition of SHMP to both fresh and
recycled regenerants, and
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s mixing the resin bed with compressed air
during backwash.

Considerable time was saved by running all of
these experiments using the midpoint level of TDS
concentration (about 35 g/L) of fresh regenerant
thereby eliminating the need to make new tankfulls
of other concentration regenerants. A statistically
based experimental design was not possible be-
cause of the time limitation, but where possible,
data from Phase 3 were later combined with Phase
2 data in the statistical analyses.

Numerical Data. — Phase 3 experimental run
conditions and the principal results of each data
cycle are summarized in table 9. Each data cycle
was preceded by generally three cycles at the
same conditions to establish an equilibrium.
(detailed data for each IX run are in app. D).

The specific purpose, a description, and partial
results of each run follows.

The two cycles 4.01.39 and 4.01.51 were de-
signed to explore gypsum-scaling severity with
different fresh regenerant flow rates using no
recycled regenerant and feed water for the back-
wash. A much greater amount of visible gypsum
precipitation and resin scaling was qualitatively
observed using a fresh regenerant flow rate of 8.2
L/min (run 4.01.51) as compared to using 10.2
L/min(run4.01.39). Note that the fresh regenerant
temperature (uncontrolled) was nearly 5 °C lower
while the lower fresh regenerant flow rate was
used. Thus, a direct comparison between these
two runs in terms of resin scaling due to the effect
of fresh regenerant flow rate is possible. Under the
prevailing levels of the other control variables, the
threshold for severe gypsum-salinity was at about
a 9-L/min fresh regenerant flow rate.

High Regenerant Flow Rates. —In the next three
runs, fresh regenerant flow rate was increased
further. These three runs also included use of the
highest volume of recycled regenerant (1600 L).
Starting with run 4.02.34 and for the remainder of
the Phase 3 experiments, a 10-um porosity cartridge
filter located in the effluent line from T-5 was used
to remove any remaining suspended gypsum crys-
tallites from recycled regenerant. The use of this
filter had been discontinued early in Phase 2. This
filtration resulted in an apparent improvement in
TWRC (comparing runs 4.02.27 and 4.02.42);
however, the difference is not significant statis-
tically. In addition, the regeneration effluent above
the resin was crystal clear while using the filter,



Figure 16.—Top of resin bed covered by gypsum crystals and a sheet of gypsum scale fallen from the upper distributor following a
fiow stoppage. PB01-D-80058

Table 9. Summary of additional IX runs

(Sept. 1979)

to test methods for avoiding calcium sulfate scaling of resin

Exhaus- Exhaus-
Fresh  Fresh RecycledRecycled Fresh Resin  Resin tion Cycle tion TWRC.,*
regen. regen. regen. regen. regen. capa- capa- dura- dura- fraction meg-Ca
Cycle Date conc., flow, flow, volume, tem(!)., city, citzl. tion, tion, of cycle (L-min}
No. g/LTDS L/min  L/min L o eq-Ca/L eq-TH/L min min time
Sept.

4.01.39 9 334 1017 NA NA 295 0292 0.383 131 194 0.68 1.51
4.01.51 11 33.7 8.25 NA NA 24.0 317 438 134 208 .64 1.62
4.02.27 16 323 244 23.6 1600 309 446 .606 217 331 .66 1.35
4.02.34 18 344 128 23.2 1600 28.0 .539 .679 225 360 .62 1.49
4.02.42 20 334 240 23.8 1600 28.7 .503 .625 23 346 67 1.45
4.03.138 22 32.7 5.40 NA NA 304 .262 .353 110 197 .56 1.33
40407E 24 328 5.56 NA NA 29.2 .332 .394 130 215 .60 1.50
405098 25 321 5.66 NA NA 333 .187 244 82 152 .54 1.23
4.06.07F 26 331 5.60 15.8 800 30.0 514 .654 210 379 .56 1.36

* TWRC = time-weighted resin capacity.

NA = not applicable
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but without the filter the regenerant effluent was
cloudy with gypsum crystallites. Gypsum scaling
symptoms in the resin bed were not observed in
any of these three runs using the high fresh
regenerant flow rates whether or not the cartridge
filter was used, thus demonstrating a desired
benefit from using high fresh regenerant flow
rates and a fluidized bed. Data from these three
runs were combined with Phase 2 data in the
statistical analyses.

Cycle 4.03.13B was run to establish a baseline
operation using a midpoint fresh regenerant flow
rate, no recycled regenerant (a feed water back-
wash), and a high regenerant temperature (33 °C).
Control conditions for this run were the same as
for cycle 3.07.04B when the regenerant tem-
peraturewas 22 °C, Results of the two subsequent
runs were compared with results of cycle 4.03.13B
for the purpose of screening two major process
variations described as follows.

Air Mixing the Resin Bed. — Run 4.05.00B
conditions contained air mixing of the resin bed
during backwash. This air mixing procedure was
suggested for trial by a consultant — Dr. Robert
Kunin3® — in regard to the high recovery experi-
ments. The purpose for injecting air in the bottom of
the column during backwash was to cause violent
mixing of the bed and a more or less random,
nonstratification of resin beads in the bed. This
could release any possible accumuiated gypsum
crystals remaining after exhaustion (if any) and also
. moderate the high calcium concentration gradient
inthe regenerant effluent during elution. However,
cycle 4.05.09B resulted in the lowest resin capacity
and smallest service volumes of any cycle in the
entire test program (table 9). This run can be
compared directly to 4.03.13B, which was operated
at the same conditions except for the air mix.
Apparently, the air mixing resulted in high calcium
leakage and an early breakthrough concentration.
Moreover, air mixing evidently negated one of the
inherent advantages of counterflow operation—
low leakage—which is especially important when
the regenerant volume is limited and the regenerant
composition is less than ideal. Thus, this procedure
cannot be recommended for the present X process.

SHMP Addition to Regenerants. — In cycle
4.04.07E, 100 mg/L of SHMP was metered into
the fresh regenerant prior to the regenerant pump

3 Personal communication with R. Kunin, consultant,
formerly of Rohm and Haas, Inc., 1318 Moon Drive, Yardley,
Pennsylvania.
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P-5 (fig. 8). Conditions were otherwise similar to
cycle 4.03.13B. The purpose of SHMP addition was
to try to retard the rate of gypsum precipitation in
the column during brine regeneration. This pro-
cedure did prevent gypsum precipitation in the
column and apparently caused a modest increase
in the resin capacity.

Cycle 3.18.21E, run in Phase 2 but not discussed
earlier, had the same flow conditions as cycle
4.04.07E with the 100-mg/L SHMP addition to the
fresh regenerant, but the fresh regenerant concen-
tration was at the low level (20 g/L nominal).
Performance of cycle 3.18.21E can be compared
directly to that of cycle 3.18.13B, which was
performed without the SHMP addition. The SHMP
caused the regenerant effluent to be clearer.
However, the differences in resin capacity and
TWRC between cycle 3.18.21E andcycle 3.18.13B
are insignificant.

In cycle 4.06.07F, 100 mg/L. of SHMP was added to
the fresh regenerant, which subsequently carried
over into the recycled regenerant. Otherwise,
control conditions were similar to those of cycle
3.14.10. The regenerant effluent of cycle 4.06.07F
contained finer pinpoint gypsum crystallites and
the resin showed no scaling symptoms. There was
also a slight improvement in resin capacity and
TWRC with the SHMP. But the SHMP dramatically
interferred with the regenerant recycling process:
recycled regenerant contained 1660 mg/L of Ca
with SHMP. during cycle 4.06.07F versus 1150
mg/L of Ca without SHMP. This higher calcium
concentration should cause the recycled regen-
erant to be less effective, but this was not observed
in the overall performance.

Thus, it is noted that the addition of SHMP to
regenerant — in the four runs tested — gave
marginal improvement in IX performance. How-
ever, SHMP would be a multimillion dollar yearly
cost in a large IX installation such as the YDP.
Higher TWRC was found without SHMP addition
when high regenerant flow rates and recycled
regenerant volumes were used such as in the three
cycles of the 4.02 series. Therefore, SHMP addition
to the regenerant is not needed for proper IX
operation and can be rejected for the Yuma De-
salting Plant due to cost.

Multiple Regression Analysis of IX Data
Data from Phase 2 (table 7) were mathematically

analyzed by muitiple regression. Runs with suffixes
B, C, and E were not included in these analyses



because they were separate process screening
runs in addition to the Box-Behnken design (table
3). There were 27 runs or observations included in
the basic response-surface portion of the experi-
mental design.

Regression analyses [22] were performed on a
Hewlett-Packard model 9825 desktop computer
using a packaged program (Stepwise Regression,
part 09825-156041). The selected dependent {re-
sponse) variable was sometimes the specific resin
capacity (RC, eq/L of calcium), but more often the
time-weighted resin capacity (TWRC, meq/(L-min)
of calcium)was used. The independent variables in
the second order regression included all linear,
cross-product, and squared terms for the four
experimental control variables:

e Fresh regenerant TDS concentration (g/L)
e Fresh regenerant flow rate (L/min)
¢ Recycled regenerant flow rate (L/min)

¢ Recycled regenerant volume (L)

and for the uncontrolled variabie:
» Fresh regenerant temperature (°C).

Outlying Observations. — Preliminary regression
analyses yielded residual plots indicating two out-
lying observations for cycles 3.23.33 and 3.24.11.
By coincidence, cycle 3.23.33 was at midpoint
conditions — a replicate of conditions 3.05.15 and
3.14.10. RC was considerably greater for both
cycles 3.23.33 and 3.24.11 than predicted from
smooth fits of the data from all 27 response-
surface runs. It was not immediately apparent why
the RC of cycle 3.23.33 should be about 50 percent
greater than the RC’'s of cycles 3.05.15 and
3.14.10run at similar operating conditions, but an
explanation was suggested upon studying the
compositions of the recycled regenerant. The
sodium concentration in the recycled regenerant
" was about 20 percent greater forruns 3.23.33 and
3.24.11 as compared to other runs using 35-g/L
TDS fresh regenerant (these data are in app. C).
This higher than normal sodium concentration in
the recycled regenerant would cause the resin to
be regenerated more thoroughly resulting in higher
resin capacities.
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The cause for the abnormally high sodium con-
centration in the recycled regenerant of cycles
3.23.33 and 3.24.11 was from the nonequilibrium
composition in tanks T5 and T6, which occurred
after draining the tanks on August 18, 1979 to
remove algae growth. Tanks T6 and T6 were filled
then with fresh regenerant, which naturally had a
greater concentration of sodium than recycled
regenerant. An insufficient number of IX con-
ditioning cycles (just five before 3.23.33) were
allowed before test cycles were run. The result
was that the chemical compositions in tanks T5
and T6 had not reached a proper chemical equi-
librium with the remainder of the IX process.

Because the results of cycles 3.23.33and 3.24.11

were substantially different from the results of
other cycles, and because a plausible explanation

for some of their deviation due to experimental
bias was found, these runs were dropped from

further regression analysis. This left 25 obser-

vations analyzed from the original response-surface
design.

Results From 25 Observations. — \Variations
among runs from the 25 Phase 2 experiments
were found to be fairly low considering the wide
ranges of the independent variables. The calcium
TWRC mean and standard deviationswere 1.20+
0.27 meq/(L-min) which yield a relative standard
deviation of 22.5 percent. For the normal calcium
resin capacity, the mean and standard deviations
were 0.46 & 0.07 eq/L with a relative standard
deviation of 16 percent. Apparently, TWRC is
determined primarily by the total capacity of the
cation exchange resin and the feed water compo-
sition — which were constant during these experi-
ments — and not by the control variables within
the ranges tested.

A correlation matrix for these datais givenintable
10. Because the correlation coefficients among
the independent variables C, Q,, Q,, V,, and T, are
less than 0.07, these control variables are shown
to be truly independent, which verifies their
selection and analysis as independent variables.
RC is affected strongly and positively by V, (0.599)
but weakly by the other independent variables.
TWRC increases considerably with increasing Q,
(0.606) and C,(0.538) and decreases to a relatively
lesser extent with increasing V, (-0.314). These
statistical relations also are demonstrated by the
following results of multiple linear regression
analysis.



Table 10.—Correlation matrix for 25 observations — Phase 2
response-surface experimental design

C; Q, Q, v, Ts RC
Qs 0.053
Q, .034 -0.010
v, .006 -.064 0.019
T¢ -.056 .048 .031 -0.046
RC -274 .260 -.092 .99 -242
TWRC 538 .606 189 -314 -006 0.034
Symbol Variable name Units
Cs Fresh regenerant concentration g/L
Qs Fresh regenerant flow rate L/min
Q, Recycled regenerant flow rate L/min
v, Recycled regenerant volume L
T; Fresh regenerant temperature °C
RC Resin capacity for calcium . eq/L
TWRC Time-weighted resin capacity for calcium meq/(L-min)

Regression analysis gave the following least-
squares-method equation:

TWRC =0.0946 Q,+0.0122 C,

-0.000 142 v, + 3.80 (2)
where
TWRC = time-weighted calcium resin capa-
city in meq/(L-min)
Q, = fresh regenerant flow rate in L/min
¢, = fresh regenerant TDS concentration
ing/L, and
v, = recycled regenerant volume in L in

addition to the 240 L used as back-
wash.

The F test [22, 23] was used to judge which inde-
pendent variables were the most significant for
inclusion in the equation. In the stepwise regres-
sion, the F values to remove a term in the equation
above were 22.0 for Q;, 18.3 for C;, and 5.6 for V.
The higher the F value, the more significant the
term. For 24 degrees of freedom, an F value
greater than about 2 indicates significance at the
95-percent confidence level, which also applies to
the other regression equations that follow.
The R2 of the fit is 0.70. The standard error is 0.14
meq/{L-min) or 11.7 percent based on the mean
TWRC. This equation is valid for Q,between 3 and
8 L/min. Figure 17 shows some plots of this equa-
tion plus data points with V, = 800 L. Because
V, had a relatively smaller effect on TWRC (a de-
crease in TWRC of 0.12 meq/(L-min} with an
increase in V, of 800 L), a plot showing TWRC
versus V, is not included in this report.
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Aregression analysis of RC (calcium resin capacity,
not time-weighted) as the dependent variable shows
the importance of V, on RC for the 25 low Q, runs.

RC=552Xx10%V2+0.0148 Q,

-0.00181 C,+0.395 (3)
R2? for this fit is 0.62. Standard error of the fit is
0.047 eq/L or 10 percent relative to the mean RC
of 0.463 eq/L for the 25 observations. The F value
to remove a term is 26.4 for V,2 6.05 for Q,, and
4.51 for C,. This high F value for V,2 agrees with the
relatively high correlation (0.599) between V, and
RC intable 10. Lines generated by the above equa-
tion are plotted on figure 18, which shows how RC
increased with V,. The physical significance of the
second order V,2 term being more significant than a
first order V, term is that one would expect the
increase in RC with V, to curve and level off rather
than continue to rise as the resin approaches
chemical equilibrium with recycled regenerant at
very high V,.

Results From 28 Observations. — Further re-
gression analysis was performed on data from the
25 response-surface runs from Phase 2 plus the
inclusion of the 3 additional runs from Phase 3 in
which higher fresh regenerant flow rates were
used. The three additional runs included 4.02.27,
4.02.34, and 4.02.42 (table 9) with fresh regenerant
flow rates of about 24, 12, and 24 L/min, respec-
tively. Runs 4.02.34 and 4.02.42 used filtered
recycledregenerant; whereas, 4.02.27 and the 25
response-surface runs used only sedimentation of
gypsum crystals in tank T6 to remove gypsum
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precipitates in the regenerant recycling process.
While the filter visually clarified the recycled re-
generant, the IX performance with the filter was
not significantly different without the filter in
relation to the TWRC. For this reason, all 28 runs
were analyzed together. Basic statistics for the 28
runs resulted in mean and standard deviations of
1.23 £ 0.27 meq/(L-min) for TWRC and 0.46 +
0.07 eq/L for normal calcium resin capacity, re-
spectively, which are nearly identical to the cor-
responding values previously calculated for the 25
response-surface observations.

Regression analysis of the 28 observations with
TWRC as the dependent variable yielded similar
results to those for the 25 observations. The
primary addition was a second order term for V, in
the least-squares-method equation.

TWRC =0.133 Q,-0.00392 Q7 + 0.0123 C,

-0.000149 v, +0.294 (4)
R2 for this fit is 0.73. Standard error of the fit is
0.151 meq/{L-min), or 12 percent relative to the
mean TWRC. The F to delete a term in this fit is
25.8forQ2 20.6forC,, 17.2forQ2 and7.2for V..
Curvature caused by the second order term is
shownonfigure 19 for C,=35¢g/LandV,=1600L;
the dashed lines are the standard error or one
standard deviation (67 percent confidence level for
anormal error distribution) for the intercept (Q,~0)
value of the fit. The standard error for the fit is
lower towards the midpoint of Q,[22], which was
not calculated. A maximum occurs at Q, = 17
L/min on figure 19, but the data and fit are
insufficient to indicate whether this is the true
location of a maximum.

The regression analyses showed an increase in
RC with V, (equation 3 and fig. 18) but a decrease
inTWRC with V, (equation 4). This results because
the RC is increased by a larger V, to a lesser
fraction than the fractional increase in cycle time
caused by the larger time required to pass the
larger V. through the resin bed. Thus, because
TWRC is the quotient of RC dividend by cycle
time, an increased V, can decrease TWRC.

The occurrence of a maximum in TWRC versus Q;
by equation 4 can be explained. Increase in TWRC
with increasing Q,and C,occurs mainly because of
a decreased cycle time, specifically a decreased
regenerationtime. Theregenerationtimedecreases
with C, because higher C, corresponds to higher
desalting recovery and less volume of fresh re-
generant, which yields shorter regeneration time
for a given Q,.
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A drop off in the TWRC with increasingly higher Q,
and a maximum in the TWRC occur because the
contacttime for regeneration by mass transfer with
finite rates will decrease resulting in lower resin
capacities. Yet there are real limits in the amount
that cycle time can be minimized as illustrated by
equation 5 that follows. One additional practical
limit for IX flow rates is the hydraulic pressure drop
across the resin bed, IX column, and piping, which
could lead to uneconomical equipment and energy
costs when using much higher flow rates (per
volume of resin) than those that were tested.

Effects of the independént variables on the cycle
time can be illustrated clearly by the following
derived equation:

"/

e

Q

where

V. (C,-C)
Of (C,_Cp)

(5)

e

~
Y

cycle time in min

exhaustion volume in L

exhaustion flow rate in L/min

fresh regeneration flow rate in L/min
C, and C, are the TDS concentrations of
desalting feed (IX exhaustion effluent),
product, and reject (fresh IX regenerant),
respectively, which together yield a term
expressing one minus the desalting recov-
ery from equation 1

recycled regeneration volume in L
recycled regeneration flow rate in L/min
time for other cycle steps, almost always
25 minutes during the present experi-
ments for backwash, rinse, and drains.

AN

@®

o0

<

~

The first term on the right-hand side of equation 5
is the exhaustion time in minutes, the second term
is the fresh regeneration time, and the third term is
the recycled regeneration time. Note that the cycle
time decreases with increased exhaustion flow
rate Q,. Experiments were all run with Q, equals
30 L/min.

A regression analysis with cycle time t, as the
dependent variable was done on the 28 experiment-
al IX observations. Independent variable combin-
ations selected for the fit were (Q,-C,)-' and V./Q,
because the combinations occur in equation 5.
Results are shown on figure 20, which illustrates
the effects of C;, Q,, V,, and Q, on experimental
cycletime. The curves on figure 20 cannot be calcu-
lated directly from equation 5 without the experi-
mental data because V, (nearly proportional to the
resin capacity) is determined experimentally and
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cannot be accurately predicted from the independ-
ent variables alone.

Analyzing Effects of Calcium Sulfate Supersat-
uration and Gypsum Scaling of Resin

The regeneration effluent probably was nearly
always supersaturated in calcium sulfate. This was
a result of high levels of calcium eluting from the
cation exchange resin during regeneration plus the
high concentrations of sulfate present. Even the
recycled regeneration influent (for Regenerations 1
and 2) to some extent was supersaturated depend-
ing upon the efficiency of the regenerant recycling
system as shown in table 4. Ideally, the recycling
system should completely desupersaturate the
spent regenerant, but in the YDTF tests there was
not opportunity to design and operate an optimal
system because of the variable constraints imposed
by experimentation with different levels of ion
exchange operation. The fresh brine regenerant
was, of course, always below saturation, as is
required to prevent scaling in the desalting unit.
The severity of calcium sulfate scaling the cation
exchange resin was observed only qualitatively.
Under many operating conditions there was not
apparent scaling. The least severe scaling con-
sisted of some minor cementing of resin beads
near the top of the IX column during regeneration.
The minor cementing would disappear during rinse
or early during exhaustion.

The most severe resin scaling consisted of cemen-
tation of the entire top one-third of the ion exchange
bed. The top surface of the resin would be severely
mountainous rather than normally flat. Sometimes
cavities would form below the top surface of the
bed allowing one to see entirely through the bed.
Cementation would remain throughout exhaustion.
However, the bottom third of the bed always tended
to remain normally uncemented, except that some-
times an occasional clump of finer beads would
occur there as described previously under: Gypsum
Precipitation During Regeneration.

The more severe resin scaling would be accom-
panied also by plugging of the top screen of the
column. But more often~-with severe scaling-there
would be gypsum “snow” forming in regenerant
effluent in the top of the column above the bed. This
fine white powder would form a layer less than a
few millimeters thick on top of the bed at the end of
regeneration and draindown. The thin white layer
would redissolve soon during rinse or exhaustion.

Statistical Analysis of Resin Scaling Potential. —
in an attempt to quantify effects of resin scaling, a
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computer program (app. G) was used to estimate
the amount of CSS, calcium sulfate supersaturation
in:

¢ RRI, recycled regeneration influent,
¢ RRE, recycled regeneration effluent, and
¢ FRE, fresh regeneration effluent,

for Phases 2 and 3 experimental runs. These data
are given in table 11. The CSS is the amount of
calcium sulfate that would precipitate (as gypsum)
at chemical equilibrium at 25 °C. Negative values
indicate unsaturated solutions.

Some of the data were combined with other data
from the 25 observations of the response-surface
experiments (table 7) and analyzed using basic
statistics. A correlation matrix is shown intable 12.
The strongly positive correlation (0.67) between the
supersaturations of RRE and RRl is indicative that
inefficient desupersaturation of RRI affects RRE
supersaturation. But supersaturation of RRI and
RRE were correlated only slightly with that of FRE.
Negative correlations between the supersaturation
of RRI and fresh regenerant concentration {-0.480)
andregenerant temperature (-0.411) are consistent
with the known kinetics of calcium sulfate precipi-
tation [16] as it would occur in the regenerant
recycling system. That is, more efficient recycling
(greater calcium sulfate desupersaturation and
precipitation kinetics rates) is favored by high initial
calcium and sulfate concentrations, by the longer
residence times in the agitated recycling tank T-6,
and by higher regenerant temperatures.

The greatest supersaturation generally occurred in
the fresh regeneration effluent as table 12 indicates.
The highest supersaturation of FRE occurred at the
highest brine concentrations (correlation coefficient
of 0.661). Indeed, the most severe calcium sulfate
scaling of the cation exchange resin was observed
at the highest desalting recoveries. However, it
was observed that the resin scaling was alleviated
largely by using large volumes of recycled regen-
erant. This qualitative observation is consistent
with the negative correlation (-0.608) between FRE
supersaturation and recycled regenerant volume.

The quantitative importance of these CSS values is
involved in the kinetics of gypsum precipitation. A
published laboratory study showed that the rate of
gypsum precipitation is proportional to the square
of the molar concentration of calcium suifate to be
deposited before equilibrium is reached [16]. This
molar concentration corresponds to the CSS values
in table 11.



Table 11.—Degree of calcium sulfate super-
saturation — in recycled regeneration influent
RRI and effluent RRE and fresh regeneration
effluent FRE?

Run No. RRI RRE FRE SI*
3.01.15 5.96 17.7 8.27 0]
3.02.08 6.17 13.9 7.12 0
3.03.28 2.92 17.56 7.86 0
3.04.23 4.00 17.3 26.0 0]
3.056.15 9.90 16.1 134 0
3.06.13 2.05 11.2 13.4 0
3.07.04 4.37 14.0 26.6 0
3.07.04B - - 40.3 0
3.08.77 -1.84 7.44 20.5 10
3.09.10 -0.96 7.48 27.3 10
3.10.15 -1.80 13.5 19.8 10
3.11.12 0.16 16.3 41.4 10
3.26.12D -1.08 12.2 19.3 10
3.27.25D -1.65 8.13 2156 10
3.12.09 -1.18 6.33 12.3 5
3.13.08 0.58 8.43 12.0 5
3.14.10 -0.61 6.59 10.8 10
3.15.08 -2.29 11.0 16.7 10
3.16.06 0.1 10.6 22.8 10
3.17.08 -0.26 12.3 5.37 5
3.18.09 -1.97 4.54 13.9 5
3.18.138 16.5 0
3.19.09 1.72 9.48 2.09 0
3.20.10 1.82 9.04 6.46 0
3.18.21E - - 225 0
3.21.56 1.91 16.6 6.75 5
3.22.12 1.17 12.8 28.6 5
3.23.33 5.18 24.4 14.7 5
3.24.11 8.16 19.0 12.8 0
3.25.10 6.86 16.3 25.7 0]
4.01.39 - - 34.6 5
4.01.61 - - 42.2 5
4.02.27 3.58 20.1 9.19 0
4.02.34 1.20 17.3 9.68 0
4.02.42 2.30 23.6 10.3 0
4.03.13B - - 321 5
4.04.07E - - 40.9 0
4.05.098 - - 31.0 0
4,06.07F 18.6 33.4 26.5 0

t Numerical values are the predicted amounts of gypsum
{CaS0,42H,0) in millimoles per liter that would precipitate
at equilibrium at 25 °C. Missing values occur where
recycled regenerant was not used.

* The degrees of gypsum scaling intensity (Sl) of the resin bed
were derived from visual descriptions in the operators’ log
assigning arbitrary grades of O for no visible scale, 5 for
slight to moderate symptoms of scaling, and 10 to severe
scaling as defined in the text,
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Gypsum Scaling Intensity. — An approach used
to try to qualify the severity of resin scaling was to
establish a grade for each experimental run based
on operators’ qualitative visual observations as
recorded in their log. Three grades of gypsum
scaling intensity (Sl) were assigned.

¢ A value for Sl of 10 was assigned when
symptoms of severe gypsum scaling of the
resin were noted. These included:

—cementation of resin beads, flow chan-
nelling, and sometimes the formation of
cavities in the top 300 to 600 mm of the resin
bed (figs. 15 and 16)

—formation of volcano-like cones on the top
surface of the bed during regeneration with
fresh desalting brine

—cloudiness of the regeneration effluent in
the column above the resin and settling of
white gypsum crystals on the top of the resin
bed (fig. 14).

e An intermediate value for Sl of 5 was as-
signed when these symptoms were less
severe and confinedto the top 300 mm or less
of the resin bed.

e A value for Sl of O was assigned when the
symptom of the presence of gypsum was not
observed.

The arithmetic range for Sl of 0 to 10 was arbitrary,
and it was not shown that half of the mass of
gypsum scale was present at an Sl of 5 as was
present when S| was 10, which implies a linear
relation. But because quantitative measurement of
gypsum scale was not made, these Sl values do
provide a means to generalize according to visual
conditions when gypsum scaling did and did not
occur. The individual values of the grades are listed
in the last column of table 11.

Another unusual observed symptom, which could
be misinterpreted as gypsum scaling, was the
formation of loosely cemented clumps of fine resin
beads at various bed depths. However, various
tests indicate that these clumps probably were
caused by microbiologically produced slime. This
aspect is discussed in a following section; Micro-
biological Growth Causing High Plugging Factors.



Table 12.—Gypsum scaling factors — correlations among variables for 25
response-surface experimental observations

C (oF Q, v, T, RRE RRI FRE RC TWRC
Qs 0.053
Q, 034 -0.010
v, 006 -064 0.019
T -.056 .048 .031 -0.046 :
RRE -.064 019  -.220 028 -0439
RRI -480 -211 013  -197 -411 0.667
FRE .661 240 134 -608 -.098 .136 -0.105
RC -274 .260 -.092 599 -242 391 .208 -0.430
TWRC 538 606 189 -314 -006 .022 -195 724 0.034
Si .699 232 .046 .064 397 -440 -810 393 -295 0.001
Symbol Variable name Units
C Fresh regenerant concentration, TDS g/L
Q, Fresh regenerant flow rate L/min
Q, Recycled regenerant flow rate L/min
v, Recycled regenerant volume L
Ty Fresh regenerant temperature °C
RRE Recycled regeneration effluent calcium sulfate supersaturation m moles/L
RRI Recycled regeneration influent calcium sulfate supersaturation m moles/L
FRE Fresh regeneration effluent calcium sulfate supersaturation m moles/L
RC Resin capacity for calcium eq/L
TWRC Time-weighted resin capacity for calcium meq/(L'min)
Y| Scaling intensity dimensionless

A regression analysis was performed on these
intensity data. For the RS runs from Phase 2 the
following equation was formed:

Sl = 0.01 7.C,-5
where
S| = gypsum scaling intensity,
T, = fresh regenerant temperature, and
C, = fresh regenerant concentration.

It is notable the fresh regenerant flow rate, Q,, did
not appear as a significant control variable af-
fecting scaling in the range of Q,from 3to 8 L/min.

Upon analyzing 28 runs which inctuded values of
Q, up to 24 L/min, a different analysis emerged.
The effect of Q, was significant in lowering the
observed gypsum scaling intensity of theresin. The
following equation was generated by multiple
regression;

SI =00117,-025Q,-38

Curves using this equation are plotted in figure 21.
Along the lines where S1=0 andto the upper lefton
the graph, gypsum scaling was not perceived at the
labeled temperatures. A progressively greater

amount of gypsum scaling tended to occur away
from these Sl = O lines toward the lower right on
the graph. Dashed lines indicate moderate amounts
of gypsum scale intensity with S| = 5. Only at the
high temperature of 7,=35 °C does a line for severe
scaling, Sl = 10, appear within the bounds of the
graph. Thus, figure 21 graphically illustrates the
gypsum scaling intensity as a function of the three
significantindependent variables and demonstrates
how scaling can be avoided with low fresh re-
generant concentrations, high regeneration flow
rates, and low temperatures.

' Despite the apparent desirability for smooth IX
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operation to avoid gypsum scaling of the cation
exchange resin, data do not support an improved
TWRC if gypsum scaling is avoided. No correlation
existed between TWRC and scaling intensity (table
12). Thus, the net effect of gypsum scaling on the
cation exchange performance of the resin are
apparently not important. However, the effects of
scaling on the hydraulics of the resin bed and
piping are of concern and need to be addressed in
an IX design.

Gypsum Settling Tests

In response to a request from the Division of Design
(E&R Center), settling tests for gypsum were done
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on an agitated suspension of the spent regenerant
being recycled in tank 6. The purpose for the data
was for a feasibility design of aregenerant recycling
system for high recovery in the YDP. The suspension
of gypsum contained 1.7 percent solids, calculated
from a suspended solids analysis of 17.3 g/L as
gypsum in a 30-g/L TDS solution. Temperature of
the water in tank 6 was 28 °C. Since new spent
regenerant had not entered tank 6 for several
hours, chemical equilibrium was assumed. Six
samples were collected at b-minute intervals in
1000-mL glass volumetric cylinders from the side
of tank 6 during agitation. Clarity of the solution
was recorded by photography and measured by
syphoning 100-mL aliquots from the 500-mL level
of the cylinders and analyzing these samples for
turbidity.

Results are given in table 13. They indicate that
nearly maximum clarity of the solution (turbidity
less than 100 JTU) was achieved in less than 20
minutes of settling time, but that the solutions
were already relatively clear in 11 minutes. The
photographs of this test are not reproduced here
because the turbidity data adequately described
the gypsum settling behavior.

Table 13. — Gypsum settling tests —
samples collected from agitated
spent regenerant tank T-6 —
September 29, 1979

Sampling  Sampling
Cylinder time, duration,  Turbidity,
No.! a.m. min? JTU3
1 9:15 35 72
2 9:20 30 82
3 9:25 25 86
4 9:30 20 82
5 9:35 15 114
6 9:40 10 175

' Cylinder height or the distance between the O and 1000
mL graduations was 362 mm. - .

2Holding time in each cylinder between spent regeneration
withdrawat from tank 6 and turbidity analysis.

3 Turbidity was measured at around 9:50 a.m. in samples
from each cylinder using Monitek, Inc. model 150. Mea-
surements were off scale (greater than 500 JTU) § minutes
after sampling.

Microbiological Growth Causing High Plugging
Factors

High plugging factors were measured in the feed
water to the ED during much of the high recovery
test program as shown on figure 22. Plugging
factor (specifically defined in app. A) is a measure of
the rate of plugging of a 0.45 um-pore-size
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membrane filter caused by substances in the water
and is presumably a measure of the desalting
membrane fouling potential of the water. There
was not a maximum plugging factor requirement
for the ED test unit as there is sometimes for RO.
Degradation in ED or IX performance was not
noticeable during nearly 1 year of experimentation.
The high plugging factors were suspected of being
from a biological source, which could be controlled
effectively by chlorination, if required. There was
no immediate concern to try methods to lower the
plugging factor in the ED feed water. By contrast,
during earlier testing at YDTF, it was recalled that
lonics, Inc. (proprietary data) had periodic problems
from the buildup of biological slimes in their ED
stack using low plugging factor, lime-pretreated
feed water. Because of slimes, periodic chemical
cleaning was required to limit increases in pressure
drop through their stack. Such a problem did not
occur in the high recovery ED. Nor was there any
problem which can be attributed to an inadequacy
in the IX pretreatment of the ED feed water. (Other
equipment problems with the ED unrelated to feed
water quality as given in app. F.)

In the experiments at YDTF, there was no dis-
infection of the water downstream of the feed to
the IX. The lime-treated water was dechlorinated
just prior to the IX to protect the cation exchange
resin from oxidation by residual chlorine. Thus, the
resin bed, piping, and storage tank 33 for IX product
water (ED feed water) were never treated to limit
biological growth. Also, they were not completely
drained and cleaned for about a year.

Because of the concern of the Division of Design
(E&R Center) and the authors’ desire to character-
ize the substances in the water which caused the
high plugging factors — which probably would be
important in RO operation — a limited investigation
was done to identify the cause of high plugging
factors in ED feed water. It included a contact*
having experience with plugging factors under
OWRT (Office of Water Research and Technology)
contracts on IX-RO operation at Roswell, New
Mexico, and their RO testing of biological effects
from seawater at St. Croix, Virgin Islands. Addi-
tionally, specially collected samples of the high
plugging factor pads were analyzed by the U.S.
Geological Survey using SEM (scanning electron
microscopy) including elemental X-ray spectra.
Other pads were sent for special analyses for
biological materials as described later in this section.

4 Personal communication with A.B. Mindler, Group
Leader — Permutit Research and Development Center, of
Permutit Company, Princeton, New Jersey.
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Figure 22.—Weekly average plugging factor in ED feed water.




The group leader at Permutit Company related
Permutit’'s experience with high plugging factors.
Ingeneral, they foresee a gradual increase of about
2 in the silting index (corresponding to a plugging
factor increase of 30 percent for a 15-minute
reading) when chlorination of RO feed water is
ceased. This increased plugging factor has been
shown to result from biological growths in the
water, especially periphytic (surface attaching)
bacteria, which produce a glycoprotein polymer
allowing them to attach to the inside of pipes and
tanks. Glycoprotein material excreted by bacteria is
the slime that is often the cause of high plugging
factors.

At Roswell, N.Mex., Permutit Company tested the
same IX process with synthesized Wellton Mo-
hawk Canal water that the authors tested at YOTF
[17]. However, Permutit Company rechlorinated
the IX product water and maintained a residual of
chlorine in the IX product tank and feed to their RO
to control biological growth. Their pilot plant was
enclosed in a building. As a result, all of the
plugging factors they measured in the IX product-
RO feed were 50 percent or less.

Under another OWRT contract, Permutit Company
ran tests at St. Croix, Virgin Islands, to study the
effects of biological materials fouling RO mem-
branes [24]. The RO feed water was filtered and
chlorinated seawater. A Permutit Company sub-
contractor® identified a number of periphytic bac-
teria and their byproducts which contribute strongly
to high plugging factors. Permutit Company found
an acceleration in bacteria growth in water which
was allowed to sit without flow in their system.

To specifically characterize the material causing
high plugging factors in ED feed, three special
plugging factor measurements were made (on
Sept. 28, 1978) on the ED feed (IX product after
storage in tank 33) and lime-treated filter 9B
effluent—which became IX feed water after storage
and dechlorination. The volume of water passed
through in each 15-minute test and the mass of
material collected on each 0.45-um pore size
cellulose acetate filter were specially measured.

One filter each for ED feed water and filter 9B
effluent were run by SEM, and another filter for ED
feed water plus copies of the electron micrographs
were sent the Permutit Company’s subcontractor
for biological characterization.

5 H. Winters, Professor of Biology, Fairleigh Dickinson
University, Teaneck, New Jersey.
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The SEM’s on figures 23 through 32 were taken by
the U.S. Geological Survey at the Denver Federal
Center. They include micrographs of unused cellu-
lose acetate filters (figs. 23 and 24). The five
micrographs of the low plugging factor, filter-9B-
effluent filters (figs. 25 through 29) show stringy
material and a few discrete particles resting on the
filters surfaces. The X-ray spectra analyses of an
individual string and group of strings indicated no
elements detectable with an atomic number
greater than 10 (corresponding to sodium) that
suggest organic material consisting of elements
suchas C, H, O, N, etc.

Particles shown on figure 29 vary in composition;
the top particle gave a peak only for Si, the bottom
particle contained Si, Al, and Fe, but the second
particle from the top contained no detectable
element greater than atomic number 10(organic?).

The three micrographs of the high plugging factor,
ED feed water filters (figs. 30 through 32) show a
definite mass of material almost completely cover-
ing over the Millipore surfaces and pores, obviously
the cause of the high plugging factors. This ma-
terial had no detectable spectral for elements
greater than atomic number 10, which again
indicates organic material and completely rules
out any common inorganic precipitate such as
gypsum, calcite, etc. Diatoms are shown, which
gave off only the X-ray peaks for Si, one of the
major constituents of diatoms. The other particles
contained such elements as Si, Al, and Fe, which
would be indicative of inorganic particles.

Dr. Winters® (hired as a consuitant to the Bureau)
interpreted the SEM’s and the results of organic
chemical analysis of the ED feed water Millipore
filter. He concluded that the stringy material and at
least some of the discrete particles were probably
bacteriological in nature. The large mass of material
on filters from ED feed water consisted primarily of
protein and hexose carbohydrate, which are build-
ing blocks of various materials contained in and
produced by bacteria. Also, Dr. Winters incubated a
sample of the cationic exchange resin collected at
YDTF and microscopically found slime-producing
bacteria and protozoa.

Further information on periphytic bacteria is cov-
ered in references [25, 26, and 27].

Thus, all of the evidence indicates that the high
plugging factors in the ED feed were due to slime-
like material of a bacteriological nature which



quickly plug the Millipore filters. Significant in-
organic material such as gypsum was not detected.
Bacterial growth occurred in the resin bed, piping,
and IX product tank. The microbiological growth
andresulting high plugging factors can be controlled
effectively by chlorinating the IX product as demon-
strated by low plugging factor performance of this
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same IX process by Permutit Company at Roswell,
New Mexico. Occasional flushing of the resin bed
with formaldehyde solution when needed is recom-
mended by resin manufacturers. Furthermore,
whenever the IX is shut down for more than a few
days, the resin should be kept in a 10-percent NaCl
solution to stop microbiological growth.



Figure 23.—Unused millipore filter-1. Note 1um distance scale. No elements
detected with atomic number greater than 10. P801-D-80059
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Figure 24.—Unused millipore filter-2. P801-D-80060
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percent. Note filamentous

effluent-1, plugging factor = 14
material — suggesting bacterial appendages. P801-D-80061

Figure 25.—Filter 9B
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14 percent. PBO1-D-80062

Figure 26.—Filter 9B effluent-2, plugging factor
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Figure 28.—Filter 9B effluent-4, plugging factor = 14 percent. Large filament has no
detectable element above atomic number 10 — suggesting organic material.
P801-D-80064
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Figure 29.—Filter 9B effluent-5, plugging factor = 11 percent. Top particle showed
only Si. Second particle from top showed no element with an atomic number
above 10 — suggesting bacteria. Bottom particle contained Si, Al, and Fe.
P801-D-80065

&
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S0KV 10HM 02.019

Figure 30.—ED feed-1, plugging factor = 75 percent. Note diatom (Si)° and possible
mineral particle (Al, Si) to the right. P801-D-80066
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Figure 31.—ED feed-2, plugging factor = 75 percent. N i i
gty s gging pe ote piece of diatom (Si).

Figure 32.—ED feed-3, plugging factor = 75 percent. Note crack in surface coating
over filter. It probably formed during SEM sample preparation. PB01-D-80068
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RECOMMENDATIONS

Recommended lon Exchange Cycle

Based on analysis of IX data, a recommended IX
cycle with about 92 percent desalting recovery is
given in table 14. The conditions in table 14 are
based on data from YDTF in which 0.10 m3 of
Amberlite 200resinin a 1.1-m-deep bed was used.
From figure 19, which was based on a fit of the IX
data, the predicted TWRC is 1.42 meq/(L-min).
Using other results from run 4.02.42, which was
similar to the recommended cycle, the normal (not
time-weighted) specific resin capacity is 0.47 eq/L
of Ca*2. Average water compositions for run 4.02.42
are given in table 15. Curves for major cation
concentrations versus bed volume in the rinse,
service, and regenerant effluents are shown on
figures 33 and 34. The TWRC might be increased
using a higher exhaustion flow rate than was
tested, but at this time it is not possible to predict
the amount of increase in TWRC.

A further modification of the tested IX cycle as
listed in table 14 is that the rinse effluent should
not be sent to waste as in common ion exchange
operation. This would lower overall process water
recovery. The first portion of rinse effluent, about
one-half of a bed volume, should be recycled as
regenerant. The remaining portion prior to service
should be recycledto the feed of the lime-treatment
system, which would require a fractionally larger
pretreatment capacity to reprocess the recycled
portion of the rinse effluent.

The recommended resin type is the common gel-
type cation exchange resin made a sulfonated
styrene-divinyl benzene copolymer used in count-
less water softeners and in demineralization.
Manufacturers’ designations for reference only
include:

e Amberlite IR-120 (Rohm and Haas)

Duolite C-20 (Diamond Shamrock)
Dowex HCR (Dow Chemical)
lonac C-249 (Sybron)

Permutit Q100

e Others equally suitable

The reason that this common gel-type is recom-
mended over the macroreticular-type tested at

YDTF is:
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1. Cost is lower for the gel-type.
2. Availability is greater for the gel-type.

3. Resin capacity is about 8 percent higher for
the gel-type so the amount of resin re-
quired is about 8 percent less.

4. There is less potential for problems due to
calcium sulfate scaling with the gel-type.

5. The higher physical strength of the macro-
reticular-type resin is not needed in the
present application.

Gypsum-scale-free operation was demonstrated
clearly using high regenerant flow rates and re-
generant recycling, and this also can be expected in
a large plant. But in a case of an emergency
situation, such as if regenerant flow were suddenly
stopped with regenerant still in contact with the
resin because of an equipment or power failure,
the resin could become scaled. The macroreticular
resin contains pores inside which calcium sulfate
precipitate conceivably could form, although this
has not been proved. Gel-type resin does not have
pores, for the gel beads have a smooth solid
spherical surface into and out which the cations
diffuse but not the anions (sulfate). Thus, since any
calcium sulfate scale formed in a gel-type resin bed
would exist outside the beads, the scale could be
dissolved more easily by rinsing with feed water a
solution containing 10-percent sodium chloride or
most rapidly with hydrochloric acid. This was
demonstrated successfully in later tests of saline
water at LaVerkin Springs in southwestern Utah
using gel type resin (Dowex HCR but other brands
are equal)[28]. The resin capacity alsowouldbe 10
to 15 percent greater in a large plant (2-m-deep
resin beds) compared to the present experiments
(1-m-deep beds) because the performance would
be more efficient in a deeper IX bed. The com-
pounding of these factors (8 percent improvement
for gel-type resin and 10 percent increase from
greater bed depth) results in a projected resin
capacity of 0.565 eq/L Ca*2. The conditions in table
14 do not include these correction factors, which
would increase resin capacity and exhaustion
throughput volume.

The previous high recovery feasibility design [6, 8]
used a conservative estimate of resin capacity less
than that found in the present experiments. In the
design, limits also were assumed on the possible
recoveries with self-sustaining IX operation using
only fresh brine regeneration. It was presumed that
if the sodium ion concentrations in the reject brine
were less than 10g/L (about 91-percent recovery),



Table 14. — Recommend IX cycle. A cycle with 35 g/L TDS reject brine regenerant,
based on a resin bed volume BV of 100 L and bed depth of 1 m of cation exchange
resin, regenerant temperature less than 31 °C

Throughput  Duration,

Mode name Input QOutput volume, BV min
Exhaustion IX feed RO feed 68.0 228
Drain 1 — RO feed 0.4 2
Regeneration 1 Recycled reg. Woaste 2.5 10
Regeneration 2 Recycled reg. Reg. recycle 15.82 68
Regeneration 3 RD reject Reg. recycle 5.42 23
Drain 2 — Reg. recycle 0.6 3
Rinse iX feed Reg./feed recycle 1.3 10
Totalcycletime ...........ccoiiiiiiiienennnn. 344 min
ReSINCAPACIY . ..vveverreinnerennnnnenss 0.47 eq/L of Ca*2
Time-weighted resin capacity ................ 1.4 meq/(L.-min) of Ca*?
Calcium removal efficiency .................. 90 percent

! Volume and flow rate to maintain a 50-percent bed expansion for 10 minutes.

2 Based on a 24 L/min flow rate.

self sustaining IX operations would not be possible,
and supplemental sodium chloride would need to
be added tothe reject brine regenerant, Also, in this
design it was assumed that 92.89 percent was the
maximum recovery achievable because the volume
of regenerant available at higher recoveries was
insufficient. Experiments at YDTF have shown that
these two conservative assumptions are incorrect.
Self-sustaining operation was demonstrated con-
sistently over a range of 85.5- to 94.3: percent
nominal desalting recovery. Only one of the 42
Phase 2 and Phase 3 IX runs was not self-
sustaining. That was run 3.11B, which used the
highest recovery (94.3 percent, 50-g/L TDS) re-
generant brine and feed water backwash with no
recycled regenerant. The use of recycled regenerant
in all other IX runs eliminated this limitation of low
fresh regenerant volumes, which accompany the
highest recovery operations. The 6.7-g/L sodium
concentration in the 20-g/L TDS fresh regenerant
(85.5-percent recovery} was still more than ade-
quate to regenerate the cation exchange resin, and
there was not evidence that this concentration was
close to a lower limit for a completely closed loop
operation without supplemental sodium chloride.
Information in appendix| sheds light on the behavior
of this IX process.

Further Design Suggestions

For recoveries less than about 90 percent there is
not apparent justification for the addition of SHMP
to desalting unit feed considering the low calcium
effluent of the ion exchange. The SHMP ending in
thereject brine would also slowthe rate of recycling
the regenerant, although even with SHMP, reuse
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of regenerant is recommended. Savings in SHMP
costs would be about $1 million annually for the
YDP if SHMP was not used. Generally, SHMP use
for high recovery is not recommended.

Consideration also should be given to only passing
a portion of the lime-treated water through the IX.
The fraction of water which would bypass the IX
would be blended prior to the RO with the remaining
fraction treated by IX. The fraction treated by IX
would be determined by the allowable calcium in
the RO feed, a function of desalting recovery. For
example, using the values in table 14 and 15 for the
recommended cycle at 91.8-percent recovery,
which requires less than about 29 mg/L average
calcium in the feed for gypsum scale at equilibrium,
95 percent of the water would require IX treatment
and the other 5 percent could bypass the IX. For
lower desalting recoveries, the bypass could be
greater. Whether SHMP in the RO feed is to be
used under such a scheme can be considered also.
Because the size of the IX equipment is proportional
to the fraction of the flow passed through the IX,
considerable cost savings would result from the
partial IX treatment. The resin capacity of the IX
also would be evidently greater than in the present
experiments under such a scheme. This is because
the entire desalting plant reject would be available
as regenerant whereas only a portion of the
desalting feed water would have been softened
by IX.

There are several recommendations for controlling
biological growth in the IX system. The suggestions
are based on resin manufacturers’' recommenda-
tions, Chlorine residual in the feed to the IX should
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* TDS (total dissolved solids) calculated by summing the concentrations of the components.

effluent
2.6
1 490
738
7730
53
31
122.0
6 080
12 580

28 827

effluent

2.4
1590
600
4 660
36
25

68.3
4120
8 640

Table 15. — Composite water compositions in mg/L during cycle 4.02.42
19742

24
1030
97.6
5 500

12 440

602
57
25

1and 2
8 230

Regenerant Regenerant Regenerant
influent

27 984

Constituent

Silica
Calcium
Magnesium
Sodium
Potassium
Strontium
Bicarbonate
Sulfate
Chloride
TDS*

be kept at or near zero, because the cumulative
effect of higher chlorine levels would result in
gradual deterioration of the cation exchange resin.
Disinfection should be maintained in the IX product.
All tanks and piping should be drained if the IX
system is shut down for more than about a month.
Resin can be stored long term in-place in a 10- to
15-percent sodium chloride solution, which will
inhibit biological growth in the resin bed and serve
asregenerant when the IX is restarted. If biological
growth should occur at any time in the resin bed,
backwashing and rinsing with a 1-percent formal-
dehyde solution will sanitize the bed. Alternatively,
the resin bed also can be flushed safely with a
caustic solution to remove any slime buildup that
might occur.

Gypsum scaling of regenerant effluent piping could
occur due to the supersaturated regenerant effluent.
It is best eliminated by collecting the spent re-
generant just above the resin bed and by using
minimum pipe diameters and lengths to speed the
spent regenerant to the regenerant recycling sys-
tem. For minimum retention time of regenerant
effluentin the piping the best location for regenerant
recycling is adjacent to the ion exchangers. Keeping
the residence time of the spent regenerant low
should minimize gypsum scaling since it takes
some time for precipitation and scaling to begin.
The piping also should be drained and flushed with
a small volume of feed water at the end of re-
generation. But probably the most effective means
to prevent a gypsum buildup in the piping is to
design for common flow of IX feed water and
regenerant effluent. In pilot plant locations, of such
common piping, there was never a buildup of scale,
for any gypsum adhering to piping during re-
generation was readily redissolved during rinse
and exhaustion.

Future Development Studies for Yuma High
Recovery

While data contained in this report may be sufficient
for an experienced IX designer to develop a YDP-
type high recovery IX pretreatment design, addi-
tional study would probably yield a more optimal
final design.

Operation of a full-size X bed would verify sizing up
to a large bed regenerated with RO reject brine,
which has never been specifically demonstrated.
This could include different flow distributor designs
if necessary. Regenerant effluent piping design
could include the recommendations presented in
the previous section on methods of eliminating
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gypsum-scale buildup inside the piping. Recom-
mended methods for stopping microbiological
growth to keep plugging factors low also could be
demonstrated. Data should be collected to predict
the effect of higher exhaustion flow rates on
TWRC. Testing of continuous ion exchangers
should be considered, also.

Aresin hold down procedure to maintain a compact
resin bed during upflow regeneration [29] has been
demonstrated successfully at LaVerkin Springs
[28]. The procedure uses a low-pressure com-
pressed air flow from above the bed to hold down
expansion while regenerant flowing upward from
the bottom of the column exits through special
distributor-collector piping located in the top of the
bed at the middle of the column. Benefits include
better contact for mass transfer between regenerant
and resin and higher possible regenerant flow
rates, which wouldyield a lower regeneration time,
and higher TWRC. Resulting performance with a
compacted bed at LaVerkin Springs showed higher
resin capacities and less potential for resin scaling
as compared to performance using fluidized bed
regeneration. Less gypsum precipitation may occur
in a compacted resin bed because the residence
time of regenerant in the bed during which gypsum
can form is much less than with a fluidized bed.
This procedure should be tested on lime-treated
Wellton Mohawk Canal water if this IX system is to
be used for the Yuma Desalting Plant.

There is one significant advantage of an IX-ED
combination over an IX-RO combination. Pretreat-
ment removal of silica is not necessary for ED
(unless the feed is already at silica saturation)
because ED does not concentrate silica at near
neutral or acidic pH when the silica is unionized.
Silica removal is more often necessary for RO
because RO concentrates silica, and supersaturated
silica will scale the membrane and ruin it. When
high-lime softening is used for silica removal for
RO, additional calcium is introduced from the
higher lime dosage. This additional calcium then
must be removed by the IX prior to the RO. A
smaller, more efficient, more economical IX system
generally would be possible with ED because this
additional lime for silica removal and the resulting
increased calcium are unnecessary. In the high
recovery feasibility design [6] the feed water re-
quirements for RO and ED were assumed to be the
same. Clearly, this is erroneous because of the
different silica requirements for RO and ED and
does not take this basic advantage of ED into
account. It is recommended that in the future the
different pretreatment requirements for silica

removal be considered whenever RO and ED are
compared.

General Studies

Nearly all experimental work on cation exchange
softening pretreatment with reject desalting brine
regeneration has used site-specific water com-
positions. Systematic study has not determined IX
performance as a function of the water com-
position nor defined limits of composition to which
this process is applicable. The need for such work is
illustrated by the conclusion in the report of
Haugseth and Beitelshees [10] that the ratio of Na
to Ca in equivalents should be greater than 1.8 in
the IX feed to achieve IX operation with reject brine
regeneration only. This conclusion is questionable
because it is based on extrapolating experimental
data using only one feed water composition. Con-
sideration was not given to either regenerant
recycling nor allowance for the importance of
differences in brine-feed TDS concentration as a
regeneration driving force as explained in appendix
l. A systematic theoretical and laboratory study
could establish the composition dependency and
limits of the process. Such a study should include
the development of a model for predicting — by
computer —ion exchange performance and re-
quired ion exchange equipment size for pretreating
a particular water composition.

Such experiments would be best accomplished in
small diameter (about 25 mm), 2-m-high columns,
water jacketed with temperature control. Different
water compositions could be made synthetically
using various salts. Different regenerant tempera-
tures could be tested.

. More study in the area of gypsum precipitation
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kinetics would be valuable, especially under con-
ditions similar to those in reject-brine-regenerated
cation exchange. Experimental results could be
used to model gypsum precipitation and scaling
rates. Such a model could be useful to better define
operating limits for scale control in resin and
piping. The importance of water composition, temp-
erature, mixing rate, and gypsum seed crystal
composition would be important dependent varia-
bles. Use of a calcium specific ion electrode could
provide nearly instantaneous calcium activity data
useful in the modeling. One intriguing application
could be to intentionally feed gypsum crystallites
with recycled regenerant during upflow fluidized
resin regeneration; the effect of this theoretically is
that scaling of resins would be abated and regen-
eration efficiency improved. The calcium specific



ion electrode may serve also as a means of mea-
suring calcium ion breakthrough of the cation
exchanger.

Controlling Colloidal Fouling of Reverse Osmosis
Membranes Using Cation Exchange Softening

After the completion of these high recovery ex-
periments, the proof testing at Yuma Desalting Test
Facility showed greater water productivity decline
rates of the RO units than was projected in the
manufacturers’ proposals. Colloids and organic
materials in the feed water fouling the RO mem-
branes may have been a contributing factor to the
performance decline. Significantly better removal
of colloids by the existing pretreatment scheme
may not be possible and additional equipment to
better remove the fouling substances may be
justified. Alternatively, rather than removing addi-
tional colloids prior to RO, colloidal fouling may be
controlled by stabilizing colloids to prevent their
coagulation in the RO units. This stabilization could
allow the colloids to pass through the RO equipment

in the reject stream without fouling the membrane
surface.

Presently, cation exchange softening is the only
practical technique known to accomplish such
colloid stabilization [32]. Softening (replacing mul-
tivalent cations with monovalent sodium and po-
tassium) increases the double layer thickness and
the effective electrical charge of the colloids. Both
of these effects increase colloid stability and retard
their coagulation. The zeta potential of colloids
usually will double after a high level of softening. in
obtaining thoroughly effective stabilization, soft-
ening must be nearly complete-assume to an
effluent hardness level of less than 5 mg/L [32].
But even a lesser level of softening may lower the
rate of colloid coagulation significantly.

Stabilizing colloids through cation exchange pre-
treatment remains an area needing more research

~ and demonstration. This could prove to be another
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significant advantage for the use of cation exchange
pretreatment for RO and ED.
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APPENDIX A — GLOSSARY

Backwash — The name of the initial upflow mode
of an IX cycle following exhaustion, used to
flush foreign particulate material from the
resin bed and to reduce compaction of and
reclassify the resin bed prior to regeneration
of the cation exchange resin.

Breakthrough — Rapid increase in the concen-
tration of the absorbed ion in the exhaustion
effluent, which indicates a nearly exhausted
resin with respect to that ion.

BV — Bed volume, volume of water in liters divided
by the resin bed volume in liters, dimen-
sionless.

C — Solution concentration, aiso the fresh re-
generant(C,) or ED reject brine concentration
of total dissolved solids in mg/L, g/L, or
g/m3,

Ca — Calcium.
Ca* — Calcium ion.

CaS0,2H,0 — Calcium sulfate dihydrate
(Gypsum).

Cation exchange — lon exchange involving posi-
tively charged ions called cations.

Cocurrent — Refers to an IX cycle with the ex-
haustion and regeneration operated in the
same flow direction.

Countercurrent — Refers to an IX cycle with ex-
haustion and regeneration operated with op-
posite flow directions.

CSS — Calcium sulfate supersaturation, quanti-
tatively the amount of gypsum in moles/L
that would precipitate at equilibrium from a
supersaturated solution of calcium sulfate.

Cycle — A set of the different sequential process
steps that make up the ion exchange process.

Drain — Removal by gravity of solution from the
resin bed and IX column prior to a mode to
promote a faster change in effluent solution
concentration at the beginning of a new ion
exchange process step.

ED — Electrodialysis.
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EDTA —Ethylenediaminetetraacetic acid, awhite
crystalline acid used as a chelating agent.

E.F. — TDS concentration of a solution in mg/L
divided by electrical conductivity in uS/cm.

Electrodialysis — A desalination process driven by
an electromotive force (direct-current voltage)
applied to electrodes on either side of pair(s)
of ion-selective membranes of opposite
charge. The voltage causes ion diffusion
through the membranes yielding dilute (prod-
uct) and concentrate (reject) streams.

Elution — Removal of absorbed ions and replace-
ment by co-ions from the IX resin during
regeneration.

End point — Termination of exhaustion occurring
at breakthrough.

Equivalents — The mass of an ion present in
grams divided by its equivalent mass.

Equivalent mass — The atomic or molecular
weight of an ion divided by the absolute value
of the ionic charge of the ion.

eq/L — Number of equivalents of ions absorbed
per liter of resin in exhaustion mode, which
are the units for {specific) resin capacity. Also
can be the ionic concentration in a solutionin
which case it is per liter of solution.

Exhaustion — Also called service; the mode of an
ion exchange cycle during which feed water
is being treated by ion exchange to remove
one or more undesirable ions.

E&R Center — Engineering and Research Center,
Bureau of Reclamation, PO Box 25007,
Denver, Colorado 80225-0007.

F — A statistical measure by which to judge the
significance of a term in an equation genera-
ted by multiple regression.

Formaldehyde — Colorless, toxic, water-soluble
gas (CH20) used in aqueous solution as a
disinfectant and preservative against biologi-
cal growth.

FRE — Fresh regeneration effluent.

gal/d — Gallons per day.



Gel — A type of ion exchange resin consisting of
rigid spheres of styrene-divinyl benzene co-
polymer. The selective exchange of ions occurs
atthe surface of the resin beads as the ions of
positive or negative charge diffuse into and
out the resin beads, but not the ions of the
opposite charge.

Glycoprotein — Any of a group of complex proteins
containing a carbohydrate combined with a
simple protein, often a product of micro-
biological activity.

Gypsum — Calcium sulfate dihydrate (CaSO,
2H,0), a solid crystalline form.

Hardness — Multivalent cations, chiefly calcium
and magnesium,

lon exchange — A process by which certain ions of
agiven charge are absorbed from the influent
solution by an aborbent (ion exchange resin)
and are replaced in the effluent solution by
equivalent amounts of other ions of the same
charge from the absorbent.

IX — ion exchange.

JTU — Jackson turbidity unit.

Leakage — For ions being absorbed from the
feedwater during IX exhaustion, the appear-
ance of some of those ions in the exhaustion
effluent water.

Macroreticular — The physical structure of the ion
exchange resin where each bead consists of a
small sphere with arigid sponge-like structure
containing numerous relatively large pores
into which a solution can pass in contrast to
gel-type.

Mg — Magnesium.

Mg*2 — Magnesium ion.

Mode — One of the discrete process steps inanion
exchange cycle.

N/A — Not applicable.
Na — Sodium.

Na* — Sodium ion.

NaCl — Sodium chloride, common chemical (salt)
used to regenerate cation exchange resin in
the sodium cycle.

ND — Not detected.

Plugging factor — It is an analytical measure
used to quantify the potential of a water composition
to foul (decrese product water transport
through) a desalting membrane. Plugging
factor is computed by:

Plugging factor =1 _:_‘ ) 100
2

where t, is the time for 0.38 m of water to
pass through a new 0.45-um pore-size mem-
brane filter at an applied pressure of 207 kPa,
andt,is the same measurement after the test
water has been passed through the filter for
15 minutes at 207 kPa of applied pressure.

Pretreatment — Water conditioning prior to de-
salting to prevent fouling and chemical scaling
of the desalting equipment.

PVC — Polyvinyl chloride, plastic material used to
make pipe, valves, pumps, etc.

Q, — Fresh regenerant flow rate, L/min.
Op — lon exchange plant capacity, L/min.
Q, — Recycled regenerant flow rate, L/min,

R2 — A statistical measure, the fraction of the total
variation of a dependent variable which is
accounted for by an equation containing
independent variables.

RC — Specific resin capacity in eq/L usually for
calcium removal in this report.

R — Desalting recovery, the ratio of product water
volume to feed water volume expressed as a
percentage. In these experiments, usually it
was calculated indirectly from the ED feed
TDS concentration, fresh regenerant TDS
concentration, and a projected design TDS
concentration of 473 mg/L in the desalted
product using equation 1.

Regenerant — The chemical solution used during
regeneration to return an ion exchange resin
to the desired ionic form for further absorption
of the ion requiring removal during service or
exhaustion.
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Regeneration — The mode for replacement from
the ion exchange resin of the ions removed
from the process solution during service or
exhaustion. Performed by passing through
the bed, a solution containing a high concen-
tration of the ion desired in the resin.

Reject — The concentrated solute stream or brine
of a desalting process, usually considered the
waste stream.

Residual — An observed (experimental) value
minus the corresponding value predicted by a
best fit equation for that observation.

Resin — Here, the synthetic beads of polystyrene-
divinyl benzene copolymer which are further
treated chemically to give the properties of ion
exchange.

Resin capacity (specific) — A quantitative measure
of equivalents of ion or ions absorbed by a
resin per volume (or mass) of resin, whichis a
function of the resin properties, the water
composition, and IX operating conditions.

Reverse osmosis — A desalting process inwhich a
semipermeable membrane is used to separate
dissolved solids from water with an applied
pressure greater than the osmotic pressure
as the driving force.

RO — Reverse osmosis.

RRE — Recycled regeneration effluent.

RRI — Recycled regeneration influent.

RS — Response-surface experimental design.

S — Siemen.

SEM — Scanning electron microscopy.

Service — Synonymous with exhaustion, which is
the preferred term.

SHMP — Sodium hexametaphosphate precipita-
tion or scale inhibitor, used here to retard
gypsum formation.

S1 — Scaling intensity, a semiquantitative measure
of gypsum scaling of the IX resin based on
observations noted in the operators’ log.
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Si0, — Silica.
Slippage — Same as leakage.

Soda — Sodium carbonate, NaoCOs, or soda ash
(mineral).

Softening -Removal of hardness (multivalent ions)—
chiefly calcium and magnesium—from water.

$0,;2 — Sulfate.
t, — Time duration of an ion exchange cycle, min.

T, — Fresh regenerant temperature, degrees
Celcius.

TDS — Total dissolved solids in a solution, usually
a concentration in mg/L, g/L, or g/m?, de-
termined in the laboratory by summation of
individual ion analyses or by evaporation.
TDS can also be estimated from a conductivity
measurement.

Train IV — Name of the lime-softening-clarifi-
cation system which provided partial pre-
treatment for the IX experiments at the YDTF.

TWRC —Time-weighted resin capacity, the specific
resin capacity divided by the cycle curation in
minutes, in meq/(L-min).

V, — Exhaustion volume, L.

V, — Fresh regenerant volume, L.

V, — Fresh regenerant volume theoretically pre-
dicted from V, and R.

4

resin — Volume of ion exchange resin, L.

V, — Recycled regenerant volume, L.
V, — Service volume, L, same as V,,.
V; — Fresh regenerant volume, L, same as V.

WM — Wellton-Mohawk, refers to the irrigation
district in the westernmost portion of the Gila
River Valley in Arizona producing the saline
irrigation drainage water which fedthe Yuma
Desalting Test Facility and to feed the future
Yuma Desalting Plant.



YDP — Yuma Desalting Plant. Zeta potential — A measure of the charge and
mobility of collodial particles in solution. The

YDTF — Yuma Desalting Test Facility. higher the absolute value, the more likely are
the colloids to remain stabilized in solution
and not coagulate.
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APPENDIX B — DATA FROM PHASE 1

A detailed description of the results of Phase |
experiments is presented in chronological order.
Tables and figures describing the resuits of cycles
1.03.28, 2.01.09, 2.01.76, 2.01.137, 2.01.156,
2.01.174, 2.01.202, and 2.01.213 are at the end
of this appendix.

Reject Brine Versus Sodium Chloride for Regen-
eration

The IX cycles 1.03.20 through 1.03.49 used a 3.0
percent sodium chloride regenerant and were
conducted to supply feed water for the ED startup,
initial ED testing, and ED production of the initial
supply of 90-percent recovery desalting brine re-
generant. Partially lime-treated feed water from
Train V was used. Cycle 1.03.28 (table B-3) was
typical of these runs with a sodium chloride
regenerant.

Cycles 2.01.01 through 2.01.47 were the first
exploratory experiments using the ED brine for
regeneration. A backwash using feed water was
used in cycles 2.01.01 through 2.01.09.

The operating conditions were similar for cycles
1.03.28 (table B-3) and 2.01.09 (table B-4). Only
the regenerant composition was different. A per-
formance comparison is possible between using
3.0-percent sodium chloride regenerant and reject
brine regenerant derived from lime-softened Wel-
ton-Mohawk Canal water concentrated to 26 700
mg/L. The 0.149-meq/L resin capacity for calcium
removal using the ED brine as regenerant is 21
percent less than the 0.188 meq/L using 3.0
percent sodium chloride. Similarly, the resin ca-
pacity for total hardness removal (calcium plus
magnesium) was 17 percent less using ED brine
regenerant under these conditions. This type of
difference is expected since, compared to the reject
brine regenerant in 2.09.09, the sodium chloride
regenerant in 1.03.28 had a 23 percent greater
sodium ion concentration.

Note, however, the brine regeneration of cycle
2.09.09 was not self-sustaining in that 371 L of ED
brine were used but only about 245 L of brine could
be made at 90-percent recovery {2453-L exhaustion
volume concentrated tenfold yields 245 L of brine).
Subsequent exploratory experiments were aimed
toward determining ranges of conditions during
which self-sustaining brine regeneration occurred.
That is, the volume of ED brine used for regeneration
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per cycle was balanced with the volume which
could be made by concentrating the amount of 1X
product water made per cycle at the set desalting
recovery.

Exploring Fresh Brine Regeneration Flow Rates

Starting with cycle 2.01.10, the backwash was
eliminated and the entire ED brine regeneration
was done at a much higher flow rate to fluidize the
bed to approximately 50-percent bed expansion.
This was an attempt:

= to carry out the physical requirements served
by a backwash in removing fines from the bed
and reclassifying the resin particles,

to minimze any opportunity for calcium-sul-
fate-precipitate formation and retention in a
compacted bed, and

s to eliminate the wastage of feed water in the
backwash.

Feed water use for backwash has the net effect of
lowering overall water recovery of the total system
if the backwash effluent is not recycled.

From the small service volumes, it became ap-
parent that the use of the 240 L of fresh regenerate
was poor under these regeneration conditions. The
amount of IX product-ED feed being generated
through cycle 2.01.23 averaged only 1200 L. This
resulted in only about 120 L of 90-percent recovery
ED brine per cycle and, thus, these cycles were not
nearly self-sustaining in the amount of regenerant
brine that could be produced.

An effluent limit of 1.0 meq/L calcium was used to
terminate the exhaustion mode upto cycle 2.01.23.
In an effort to increase the exhaustion throughput
volume, the effluent limit was increased to 1.4
meq/L calcium for cycles 2.01.34 through 2.01.37,
but an average of only 1450 L of IX product was
produced, and the average calcium level in the
product increased significantly.

In further attempts to increase service throughput,
the effluent limit was increased againto 2.0 meq/L
and the regeneration flow rate decreased to 10
L/min for cycles 2.01.38 through 2.01.47. The
results were — unexpectedly — even poorer with
an average of only 750 L of IX product per cycle.



Some of this decline was probably due to the
elimination of the backwash.

During this long series of cycles containing small
service volumes, the stock of ED brine gradually
became depleted because of the inadequate supply
of IX product-ED feed for making enough regenerant
brine for self-sustaining operations.

Because of an operator’s mistake, the remaining
stored ED brine was drained to waste. During
cycles 2.01.49Athrough 2.01.57A, sodium chloride
regenerant was used so that more ED brine could
be made. This also served to return the resin in
column 1 to a nearly fully-regenerated state prior to
subsequent experiments at other conditions.

During cycles 2.01.568 through 2.01.77, higher
recovery (93.6 percent, 42 g/L TDS) ED brine was
used as fresh regenerant after a preceding mode
using recycled regenerant from tank T-5. During
cycles 2.01.58 through 2.01.60, all the regene-
ration effluent, including that from regeneration 1,
was returned to tank T-6 in an effort to build up the
recycled regenerant stock more rapidly. This attempt
to recycle temporarily all the regenerant was
discontinued when it was realized that the initial
portion of regeneration effluent consisted largely of
feed water in the column from the previous ex-
haustion mode, which was diluting the regenerant
intanks T-5 and T-6. During subsequent cycles, the
first portion (at least 190 L) of the regeneration
effluent was sent to waste to avoid diluting the
recycled regenerant.

it should be noted that one practical limitation of
the present experimental system was that about
the last 90-L of fresh regenerant effluent per cycle
could not be recycled because it could be drained
only by gravity to waste. An additional sump and
pump would have been necessary to transfer this
90-L drained up to the recycling tank. In a prototype
plant, this drained regenerant should be collected
and recycled.

Operating conditions for cycles 2.01.61 through
2.01.69 are summarized in table B-1. Under these
conditions calcium leakage was high (2.0 meq/L or
greater once equilibrium was reached) and the
mean exhaustion volume was 1175 L at a calcium
breakthrough point of 3.0 meq/L. These exhaustion
volumes provided insufficient ED feed to provide
the volume of fresh regenerant used at 90-percent
recovery.

The fresh regenerant flow rate was lowered from
10 L/min to about 3 L/min starting with cycle
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2.01.70. The fast rinse mode also was eliminated
in all subsequent cycles because the effluent
quality after the slow rinse step alone was entirely
adequate for initiating the service mode. That is, by
the end of the slow rinse, the calcium and sodium
concentrations of the rinse effluent were lowered
to levels of typical initial exhaustion effluent.

Cycle 2.01.76 (table B-5) included the first set of
conditions tested which resulted in a greater volume
of fresh brine generated than used for fresh
regenerant. Apparently, the lower fresh regenerant
flow rate was a critical control variable. It could be
adjusted to give a longer contact time between the
fresh regenerant and the resin and a more compact
resin bed to increase cationic mass transfer rates
between the regenerant and resin. The result of
proper adjustment was a greater resin capacity.

These last two series of cycles indicated that the
fresh regenerant flow rate had to be something
less than 10 L/min with the other operating
conditions specified, including no recycled re-
generant, for satisfactory IX performance. This flow
rate was considerably lower than expected.

Start of High Lime-softened Feed Water

During the following group of IX cycles (2.01.78
through 2.01.174), the ED was operated intermit-
tently at about 94-percent recovery to yield a
regenerant brine concentration of about 50 g/L
TDS. During the initial ED testing, this concen-
tration was found to be the highest that could be
achieved reliably using the present ED configura-
tion while anticipating the historic seasonal varia-
tion of feed salinity. (With the lowering of feed
salinity, it would be more difficult for the ED to
reach the highest brine concentration.) Consid-
erable mechanical difficulties with the ED unit —
particularly motorized valve and brine pump failures
(see app. F) — lowered the rate of experimentation
during this period.

Prior to cycle 2.01.1076A, all feed water to the IX
had come from Train V and had a composition
representative of the YDP operating at 70-percent
desalting recovery. For cycle 2.01.106A and all
subsequent cycles, the IX feed water came from
Train IV operated with a higher reaction zone pH
and greater retention time to promote silica removal
as required for high recovery RO. This high lime-
pretreated water also contains more calcium and
less magnesium.

The first IX data cycle completed at the highest
recovery was 2.01.137 (table B-6). A relatively



small volume of recycled regenerants was used at
a high flow rate, and a low fresh regenerant flow
rate was used.

Owing to an operation error in collecting samples,
the last two points of the exhaustion effluent
concentrations of calcium and magnesium had to
be salvaged from the operators’ calcium and total
hardness titration data; whereas, the remainder of
the concentration data came from samples sub-
mitted to the YDTF Chemistry Laboratory. As a
further consequence, the reported composite con-
centrations of the service effluent are representative
of only the first 44 bed volumes, because the last
portion of the service effluent (when hardness
leakage was highest) was not sampled for obtaining
laboratory analyses.

For cycle 2.01.137, the amount of fresh regenerant
used (300 L) balanced reasonably with the brine
that could be made from the exhaustion effluent
(5120 L). From the TDS of the regeneration 3
influent (41 259 mg/L) and the service effluent
(3141 mg/L) and by assuming a 473-mg/L product
TDS in the future high recovery YDP, a recovery of
93.5 percent can be calculated using equation 1.
The projected brine production for this cycle was
{1 -0.935)(5120L)=355L. In actuality, the present
experimental ED unit had a significant portion of
feed (about 1.4 L/min) lost as electrode rinse, and
the product had a varying salinity (ranging 600 to
1000 uS/cm conductivity) and generally higher
average TDS (roughly 500 mg/L).

Because of these losses, it was estimated that the
ED unit produced about 317 L of brine under these
conditions, or 5.4 percent less than the theoretical
335 L. Although, in this case, 317 L still exceeded
the 300 L used; this illustrates a major reason for
the occasional intervening IX cycles using sodium
chloride regenerant needed to provide feed to the
ED for replenishing the fresh regenerant brine
stockintank T-28. Usually, the alternate IX column
2 was used during sodium chloride regeneration to
avoid disturbing the prevailing ionic equilibria
conditions established in cation exchange resin of
the experimental column 1.

During cycles 2.01.138 through 2.01.146, a feed
water backwash replaced the use of recycled
regenerant. Otherwise, the control operating con-
ditions were the same as for cycle 2.01.137. The
average exhaustion volume for cycles 2.01.141
through 2.01.148 was 4480 L. This couldyield 291
L of new ED brine at 93.5-percent recovery. This
was sufficiently close (within 3 percent) to the 300
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L used to assume that equilibrium was achieved.
Under these conditions, a data cycle was not made,
buttheresulting IX performance indicated that self-
sustaining brine regeneration could be achieved.

After several sodium chloride-regenerated cycles
using column 2 for making more ED brine to make
up for gradual losses, experiments with column 1
resumedwith cycles 2.01.152 through 2.01.1566. A
feed water backwash without regenerant recycle
and a higher freshregenerant flowrate of 7.4 L/min
was used. Both of these conditions probably give a
less efficient regeneration than used in cycle
2.01.137.

Estimating the recovery for cycle 2.01.156 (table
B-7) at 94 percent, 277 L of brine could be made
from the 4560-L service. This favorably exceeds
the 250 L of fresh regenerant used. Additional ED
brine was made using sodium chloride regene-
ration and column 2 in cycles 2.01.157 through
2.01.166A.

In cycles 2.01.167 through 2.01.174 (table B-8), a
low recycled regenerant flow rate (8.0 L/min), a
low fresh regenerant flow rate (3.0 L/min), and a
large amount of recycled regenerant (1600 L) were
used. While these conditions would allow the best
cationic mass transfer between regenerant and
resin, these low flow rates also were judged to
cause the greatest potential for any possible
gypsum-scale accumulation problem in the column
due to a compact resin bed and longer regenerant
residence time. Such a problem did not appear;
however, but note that the water temperatures
were relatively cool.

Low Concentration Brine Regeneration

A last series of exploratory cycles were conducted
to find if previously determined operating limits
also resulted in operable conditions with lower
brine concentrations. Following IX cycle 2.01.174,
all fresh and recycled brine tanks were drained to
make room for a new brine composition. (Later in
the program, it was found that diluting the brine
with ED product was a faster method of reaching a
new lower brine concentration.) The ED was op-
erated to obtain nominally 20-g/L TDS brine.
Beginning with cycle 2.01.175A, the IX resin was
regenerated with sodium chloride solution to pro-
vide feed water to the ED.

Fresh ED brine regeneration began with cycle
2.01.184. During this cycle, it was established from
column effluent in-line conductivity measurements



that the first 240 L of spent regeneration effluent
contained largely feed water retained inthe column
from the previous exhaustion and should be sent to
waste because it would dilute recycled regenerant.
Any spent regenerant after this initial 240 L could
be recycled as desired. This volume will be fixed by
the internal volume of any particular iX unit. Cycles
2.01.185 through 2.01.188 were used to fill spent
regenerant tank T-6 with regeneration effluent.

The next series of exploratory cycles — starting
with 2.01.189 — was conducted to see if self-
regenerating cycles would be maintained under a
set of relatively unfavorable control conditions:

s a minimum volume,

s high-flow-rate recycled regenerant step suf-
ficient for backwash only, and

= a moderate fresh regenerant flow rate.

The approach to a satisfactory cycle equilibrium
was difficult because of the requirement to balance
the volume of fresh brine used to the amount
generable from the service volume. The attempt to
reach a balance of volumes is illustrated in table
B-2 for cycles 2.01.189 through 2.01.213.

A complete set of samples and data was collected
for cycles 2.01.202 (table B-9) and 2.01.213 (table
B-10). Note that a good balance was reached using
850 L of fresh regenerant in cycles 2.01.203
through 2.01.205 (table B-2). The reason that
samples were not collected at this condition was
duetotheinability at the time of operation to rapidly
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and accurately measure brine TDS and, thus, to
accurately calculate the actual recovery. The re-
covery, estimated from brine conductivities, was
85.8 percent (at the time the experiments were
conducted) which gave considerably higher volumes
of generable brine than the 88 to 89-percent
recovery — calculated later from TDS by summation
of ions from chemical analyses of feed and brine
samples. During Phase 2, the daily measurement
of evaporative TDS in the chemistry laboratory
helped solve this problem.

Thus, cycle 2.01.202 represents a condition where
all the brine available was not used for regeneration,
and cycle 2.01.213 was a condition where more
brine was used than was generated per cycle.
Exploratory tests were terminated with these data
cycles since they covered the range of conditions
within which brine volumes would balance.

it is interesting to compare the performance of
cycles 2.01.202 and 2.01.213. The calcium and
total hardness resin capacities are greater for cycle
2.01.213 than for 2.01.202 as might be expected
from a more thorough regeneration. Surprisingly,
the magnesium removal decreased with a greater
amount of regenerant brine! Probably the equilibria
among cationic species {primarily calcium, mag-
nesium, and sodium) in the IX feed and regenerant
interacted, in such a way to cause this phenomenon.
However, since the IX feed composition also varied
considerably during these runs—apparently due to
some control problem in Train IV where the pH in
the reactor greatly influenced the calcium and mag-
nesium in the IX feed—a clear conclusion regarding
the role of magnesium is not possible.



Table B-1. — /X operating conditions — cycles 2.01.61 through 2.01.69

Average Avrage Average
Average Average flow bed temper-
Mode Input Output duration volume rate expansion ature
min L L/min % °C
Recycled Recycled Waste 7 191 27 55 211
regeneration regeneration
Recycled Recycled Spent 34 890 26 53 216
regeneration regenerant regenerant
Fresh Fresh Spent 20 209 10 11 —
regeneration regenerant regenerant
Drain — Waste 3 — —_ — —
Slow Feed Waste 10 170 17 — —
rinse
Fast Feed Waste 3 90 30 — —
rinse
Exhaustion Feed Product 139 £18 1117561534 30 — —

' Mean and standard deviation of the nine cycles.
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Table B-2. — Balance between volumes of
fresh regenerant used and potentially
generable ED brine —
cycles 2.01.189 through 2.01.213

Volumes
Fresh
Cycle regenerant 'Generable 2Ratio
No. used Exhaustion ED brine %
L L L

2.01.189 500 10 560 1270 39
2.09.190 500 6 960 835 60
2.01.191 500 7 960 955 52
2.01.192 500 8 140 977 51
2.01.193 500 7 880 946 53
2.01.194 500 6 590 791 63
2.01.195 500 6 160 739 68
2.01.196 500 6 650 798 63
2.01.197 500 7 320 878 57
2.01.198 500 7 320 878 57
2.01.199 500 6 050 726 69
2.01.200 500 6 190 743 67
2.01.201 500 6 620 794 63
2.01.202 500 5730 688 73
2.01.203 850 8430 927 92
2.01.204 850 8 200 902 94
2.01.205 850 8 090 890 96

2.01.206 1700 11 970 1320 130
2.01.207 1800 11 020 1210 150
2.01.208 1800 10 840 1190 150
2.01.209 1800 11 940 1310 140
2.01.210 1600 10930 1200 130
2.01.211 1600 9 850 1080 150
2.01.212 1600 10 260 1130 140
2.01.213 1600 9 050 1000 160

' Projected generable volume that couid be generated
from the exhaustion volume. It is based on desalting re-
coveries calculated from an assumed product of 473 TDS
and from brine and feed TDS measurements from cycles
2.01.202 and 2.01.213, which gave 88.0 and 89.0-percent
recovery, respectively. Cycles 2.01.189 through 2.01.202
used the 88.0-percent value in the calculation and cycles
2.01.203 through 2.01.213 used 89.0 percent.

2 _fresh regenerate volume used

H 0,
Ratio generable ED brine volume (100 %)
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B3—1

Ion Exchange - Cycle 1.03.28

Date: 10/6/78

Purpose: 1. To produce water for operation of ED unit
2. To obtain baseline conditions using 3% sodium
chloride as regenerant.

Conditions: Feedwater - similar to 702 recovery
YDP
Backwash - feedwater
Regenerant - 3% sodium chloride
Service termination level - 1.0 meq/¢ Ca*t

Control variable levels: Fresh regenerant concentration - 31 000 mg/& TDS
Average fresh regenerant flow rate - 11.7 £/min
Volume of regenerant - 421 £

Standard resin bed height: 1066 mm

Resin bed volume: 97.3 ¢

Operating Conditions

Bed
Duration  Throughput volume Ava. flow rate expansion Temperature
Mode Input Output min [ BY Z/min  BV/min 0
2ackwash Feed Waste 10 306 3.14 30.6 0.31 50 27.3
Fresh

Regeneration  regenerant Waste 36 42] 4.33 1.7 0.12 1 30.5
Drain {Vent) Waste 3 62 0.64 20.7 0.21 - -
Slow

rinse Feed Waste 13 198 2.03 15.2 0.16 - -
Fast

rinse Feed Waste 6 176 1.81 29.3 0.30 - -
Service Feed Product 106 3421 35.2 32.3 0.33 - -
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B3-2

Chemical Analyses of Significant Components in Composite Samples

Sanpie

pH

105 (calc)
Conductivity @ 25 9C
Silica

Calcium

Magnesium

Sodium

Potassium

Iron, total
Strontium
Bicarbonate

Sulfate

Chloride
T-alkalinity as CaC03

P-alkalinity as €CaC0;

Major Cation

Mode

Regen
Regen
Regen
Regen
Rinse,
Rinse,
Rinse,
Rinse,
Service
Service
Service
Service
Service
Service
Service
Service

*Calculated from Ca*t plus Mg*t

units
mg/ &
uS/cm
mg/L
mg/L
mg/L
mg/L
mg/L
mg/ L
mg/ L
mg/L
mg/ ¢
mg/ &
mg/L
mg/ L

Cycle influent

Reg
6.74
3 012
48 984
3.0
13.5
6.34
12 389
2.2
0.3
0.12
20

18 580
16.4
ND

7.10
4004
6715
12
118
69.4
1257
7.9
0.04
1.9
29.3
886
1634
24
ND

Cycle effluent

Service

7.12

4036

6812

13

10.8

19.39

1479

6.8

<0.03

<0.1

30.3

900

1590
24.8

ND

Reg
6.84
18 995
31 320
7.0
1134
568
5471
32
<0.03
19.9
22.4
28

n 720
18.4
ND

S1ow
rinse

7.07
20 280
33 263
7.0
175
113
7724
8.2
<0.03
2.5
27.3
<10

12 200
22.4
ND

Concentrations of Samples Analyzed by Atomic Absarption

slow
slow
fast
fast

Throughput
|

.59
.18
.81

.94
.Q3
.93
.84
.14
.2
.09
.07
.04
.02
2.00

—
NMOWNNOOWW—D

NN
no

W L W
DNO
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catt MQ++
meq/l meq/ L
21.1 15.8
70.8 60.7
85.8 63.5
82.1 55.7
15.8 16.5
2.05 2.15
0.32 0.3%
0.32 0.35
0.32 0.35
0.32 0.38
0.34 0.43
0.36 0.54
0.42 0.90
0.58 1.84
0.79 2.89
1.04 3.89

TH* Na*
meq/L meq/ ¢
36.9 128
132 226
149 359
138 330
32.3 512
4.20 165
Q.67 ~66.6
0.67 66.5
0.67 65.9
0.70 66.2
0.77 66.1
0.90 65.4
1.32 65.4
2.42 64.3
3.68 62.7
4.93 61.7

Fast
rinse

1.2
4030
6943
13
6.6
4.47
1528
2.3
<0.03
<0.1
32.7
896
1612
26.8
ND



Ca ++
Mgt
TH*
Na*

* Calculated

83—-3

Service Performance Summary

Average concentrations, meq/Z

Influent Effluent Difference

5.82 0.48

5.72 1.21
11.59 1.69
55.0 65.0

from Ca** plus Mg*™t

5.34

4,51

9.90
-10.0
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Removal

%

92
79
85

Resin capacity
eq/l

0.188
0.159
0.348



Concentrations, meq/L

Ca++, Mg++, TH, concentrations, meq/L
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B4—1

Ion Exchange - Cycle 2.01.09

Date: 10/13/78
Purpose: Performance comparison between wuse of ED brine and 3.0% NaCl regenerants

Conditions: Feedwater - similar to 70% recovery
YDP

Backwash - feedwater
Regenerant - fresh ED brine

Service termination level - 0.1 meq/2 Ca +

Control variable levels: Fresh regenerant concentration - 27 000 mg/£ TDS
Average fresh regenerant flow rate - 32.5 £/min
Volume of fresh regenerant - 390 £

Standard resin bed height: 1066 mm

Resin bed volume: 97.3 ¢

Operating Conditions

Bed
Duration  Throughput volume Avg. flow rate expansion Temperature
Mode Input Qutput min 4 BV "Z/min_ BV/min % oC
Backwash Feed Waste 10 305 3.13 30.5 0.31 55 25.2
Fresh

Regeneration regenerant MWaste 12 390 4.01 32.8 0.33 63 27.2
Drain (vent) Waste 3 62 0.64 17.6 0.18 - -
Slow

rinse Feed Waste 10 176 1.8 17.6 0.18 - -
Fast

rinse Feed Waste 3 88 0.90 29.3 0.30 - -
Service Feed Product 82 2453 25.2 29.9 0.31 - -
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B4—2

Chemical Analyses of Significant Components in Composite Samples

Sample

pH

705 (calc)
Conductivity @ 25 °C
Silica

Calcium

Magnesium

Sodium

Potassium

Iron, total

Strontium

Bicarbonate

Sulfate

Chioride

T-alkalinity as CaCO3
p-alkalinity as CaCO3

Major Cation

Mode

Regen
Regen
Regen
Regen
Regen
Rinse,
Rinse,
Rinse,
Rinse,
Service
Service
Service
Service
Service
Service
Service

units
mg/L
usS/cm
mg/L
mg/L
mg/€
mg/L
mg/ L
mg/L
mg/¢
mg/L
mg/ L
mg/L
mg/L
mg/ L

Cycle influent

-Reg
6.14
26 698
36 994
17.0
41.0
116.7
9570
41.8
0.12
1.67

27.3
6700
10 200
22.4
ND

7.14
3532
5703
15.0
132
83.9
1030
8.9
<0.03
2.51
28.8
1016
1230
23.6
ND

Service

Cycle effluent

Service

7.15
3591
5948
16.0
14.0
19.0
1276
8.1
<0.03
0.70
27.3
1020
1226
22.4
ND

Reg
6.58
18 913
26 656
16.0
821
ag6
5428
34.3
<0.03
13.8
29.8
4600
7500
24.4
ND

Slow
rinse

6.59
21 598
30 Se4
16.0
379
345
7100
39.4
0.04
6.3
28.3
5100
8600
23.2
ND

Concentrations of Samples Analyzed by Atomic Absorption

slow
slow
fast
fast

Throughput
8/Vv

0
0.95
1.91
2.86
3.81
0
0.90
1.81
2.26
2.71
7.94
12.55
17.16
21.78
24.85
27.92

*Calculated from Ca** plus Mg**

Catt +y,
megq/¢ meq/¢
18.4 19.2
26.6 32.1
50.9 51.9
53.9 50.1
50.8 42.)
24.6 36.2
13.7 20.2
0.65 1.09
Q.60 1.01
0.60 1.02
0.59 1.06
0.61 1.10
0.61] 1.19
0.69 1.55
0.79 2.03
0.94 3.06

TH*

meq/£

37.6
58.7
103
104
92.9
60.8
33.9
1.74
1.61
1.62
1.65
1.7
1.80
2.24
2.82
4.00

Na*t

meq/¢

127
159
261
310
326
369
250
$9.0
57.4
60.5
§6.4
56.7
60.4
55.9
§5.4
54.0

Fast
rinse

7.21
3844
6117
16.0
12,8
13.1
1340
1.5
<0.03
0.60
24.9
1080
1250
20.4
RD



B4-—-3

Service Performance Summary

Resin capacity
eq/L

Average concentrations, meq/f Removal

Influent Effluent Difference %
Ca* 6.57 0.66 5.91 90
Mg 6.95 1.40 5.55 80
TH: 13.5 2.06 11.5 85
Na 44.9 57.3 -12.3 -

*Calculated from Cat™* plus Mg++
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concentrations, meq/L

Ca++, Mg++, TH concentrations, meq/L

B4-—-4
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= T 8]

Bed volumes
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. . I
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Rinse
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s
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Date: 10/27/78

Purpose: Phase

Conditions:  Feedwater - similar to 70% recovery

Ion Exchange - Cycle 2.01.76

B65—1

I. To determine high and low values of independent
variables in preparation for response surface experiments (PhaseIl)

YDP

Backwash - recycled regenerant
Regenerants - fresh ED brine and recycled regenerant
Service termination level - 3.0 meq/L Ca

Control variable levels:

Standard resin bed height:

Resin bed volume:

Mode Input
Recycled
Regeneration 1 regenerant
Recycled
Regeneration 2 regenerant
Fresh
Regeneration 3 regenerant
Drain (Vent)
Rinse Feed
Service Feed

97.3 ¢

Fresh regenerant concentration - 27 000 mg/£ TDS
Average fresh regenerant flow rate - 3.0 £/mir
Average recycled regenerant flow rate, Regen 2 -

26.0 £/min

Volume of recycled regenerant, Regen 2 - 884 ¢

1066 mm

Operating Conditions

Bed
Duration  Throughput volume Avg. flow rate expansion Temperature

Qutput min L By Z/min  BV/min % o¢
Waste 7 196 2.00 28.0. 0.29 59 -
Spent

regenerant 34 884 9.09 26.0 0.27 53 21.0
Spent

regenerant 135 400 4.1 3.0 0.03 1.8 23.0
Waste 3 62 0.64 20.7 0.21 - -
Waste 10 165 1.70 16.5 0.17 - -
Product 164 4895 50.3 29.8 0.37 - -

83



B5—2

Chemical Analyses of Significant Components in Composite Samples

Cycle influent Cycle effluent
Sample Reg 1, 2 Reg 3 Service Req 1 Reg 2 _Req 3 | Rinse Service
pH units  6.91 5.27 6.80 6.60 6.54 6.47 6.02 6.78
TS (calc) mg/¢ 15 538 27 030 3087 11 021 15 279 20 238 16 880 3136
Conductivity @ 25 9C yS/cm 22 119 35 826 5099 16 561 21 454 27 456 24 653 5315
Silica mg/¢ 18.0 20.0 14.0 15.0 17.0 18.0 16.0 14.0
Calcium mg/L 970 - 125 770 1030 1000 280 19.0
Magnesium mg/2 614 157.3 731 466 646 m 117.8 29.4
Sodium mg/2 3690 9060 877 2490 3340 4870 5650 1091
Potassium mg/¢ 289 49.3 8.5 21.4 27.2 36.8 31.3 9.7
Iron, total mg/£  <0.03 <0,04 <0.03 0.12 0.84 2.52 0.04 <0.03
Strontium mg/¢ 14.9 1.2 1.8 12.3 16.5 20.4 3.9 <0.2
Bicarbonate mg/¢ 20.5 12.69 25.86 21.47 19.52 19.52 17.08 26.84
Sulfate mg/¢ 4000 6900 880 2600 4100 5300 4380 880
Chloride mg/L 6200 9800 1096 4640 6100 8220 6400 1080
T-alkalinity as CacO; mg/¢ 16.8 o 10.4 21.2 17.60 16.0 16.0 14.0 22.0
P-alkalinity as CaCO; mg/& NO ND ND ND ND ND ND ND

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

Throughput ca’ Mg +t TH* Na*

Mode BY mea/f meq/¢ meq/¢ meq/2.
Regen 1 0 31.4 29.6 61.0 99.6
Regen 1/2 2.01 47.4 47.5 94.9 127
Regen 2 3.88 53.4 53.5 107 137
Regen 2 5.75 53.9 54.6 108 148
Regen 2 7.62 52.4 54.0 106 151
Regen 2 9.49 50.9 53. 104 154
Regen 2/3 11.10 50.4 524 103 158
Regen 3 0.61 49.9 52.3 102 158
Regen 3 1.22 64.3 67.3 132 177
Regen 3 1.83 59.9 73.8 134 198
Regen 3 2.44 46.9 74.2 121 227
Regen 3 3.05 46.4 69.2 116 247
Regen 3 3.65 44.4 62.6 107 261
Regen 3 4.11 42.9 54.9 97.8 273
Rinse 0 22.4 17.4 39.8 374
Rinse 0.85 2.89 2.32 5.21 128
Service 1.70 0.29 0.28 0.57 51.4
Service 7.53 0.26 0.25 0.51 49.8
Service 12.13 0.26 0.27 0.53 49.6
Service 16.73 0.26 0.28 0.53% 49.6
Service 21.33 0.27 0.36 0.63 49.6
Service 25.94 0.33 0.66 0.99 49,2
Service 30.54 0.45 1.39 1.84 48.2
Service 35.14 0.76 2.75 3.51 46.5
Service 39.74 1.24 4.28 5.52 44.0
Service 44,34 1.85 5.47 7.32 43.4
Service 48.94 2.59 6.28 8.87 42.0
Service 52.01 2.94 6.58 9.52 41.0

. *Calculated from Ca** plus mMg**



B5—3

Service Performance Summary

Average concentrations, meq/{ Removal Resin capacity
Influent Effluent Difference % eq/L
Cay; 6.27 0.83 5.44 87 0.273
Mg 6.06 2.14 3.92 65 0.197
TH* 12.3 2.96 9.34 76 0.470
Na * 38.1 47.4 -9.3 - -

*Calculated from Ca** plus Mg**
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B6—1

Ton Exchange - Cycle 2.01.137

11/15/78

To explore a low fresh regenerant flow rate level at nigh
recycle regenerant flow rates and a moderate recycle regenerant
volume.

Date:

Purpose:

Feedwater - Pretreated with high l1ime dosage for silica
removal

Backwash - recycled regenerant

Regenerants - fresh ED brine and recycled regenerant

Service termination level - 1.0 meq/£ Ca*t

Conditions:

Fresh regenerant concentration - 41 259 mg/£ TDS
Average fresh regenerant flow rate - 4.0 2/min
Average recycled regenerant flow rate,

Regen 2 - 23.5 £/min
Volume of recycled regenerant, Regen 2 - 352 ¢

Control variable levels:

Standard resin bed height: 1066 mm

97.3 ¢
Operating Conditions

Resin bed volume:

Bed
Duration Throughput volume Avg. flow rate expansion Temperature
Mode Input Qutput min T ¥/min_ BV/min % 0C
Recycled
Regeneration 1 regenerant Waste 10 240 2.47 24.0 0.25 58 -
Recycled Spent
Regeneration 2 regenerant regenerant 15 352 3.62 23.5 0.24 58 15.5
Fresh Spent
Regeneration 3 regenerant regenerant 75 300 3.08 4.00 0.04 5.6 18.0
Urain (Vent) Waste 3 62 0.64 20.7 0.21 - -
Rinse Feed Waste 10 160 1.64 16.0 0.16 - -
Service Feed Product 163 5120 52.6 31.4 0.32 - -
Table-—16—
. sy Kk
Tank Chemical Composition
Conductivity ca*t Mgt TH
Tank. uS/cm meq/¢ meg/2 meq/¢
T-5 50 117 26.0 23.0 49.0
T-6 53 635 84.0 92.0 176
T-9 S 112 6.2 5.8 12.0
T-28 50 337 6.0 16.0 22.0
T-33 5 424 0.4 1.2 1.6

*Calculated from TH minus Ca**
**Concentrations determined by operators' titrations
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Sample
pH
T0S (calc)

Conductivity @ 25 °C

Siltica
Calcium
Magnesium
Sodium
Potassium
Iron, total
Strontium
Bicarbonate
Sulfate
Chioride

units

mg/L

mg/&
ma/L
mg/&
mg/L
mg/L
mg/L
mg/L
mg/2
my/L
mg/¢

T-alkalinity as CaCO; mg/L

P-alkalinity as CaC0, mg/L

uS/cm

Cycle influent

B6—2

Chemical Analyses of Significant Components

in Composite Samples

Cycle effluent

Reg 1 &2

4.16
41 187
54 042
4.0
1270
999

12 430
90
<0.03
28.4
9.27
7200
13 100
7.60
ND

Reg 3
3.54
a1 259
51 784
2.0
47.9
142
14 740
128
0.68
2.0
ND
11 900
18 300
ND
NO

Servic

6.90
3153
4846
-4.0
113
71.0
921
8.1
<0.03
2.6

e

19.52

920
1098
16.0
NO

Reg 1

6.12

18 509

24 684

3.0
930
633
5000
38.6
<0.03
17.5
9.76
3780
8100
8.0
ND

Req 2 Reg 3 Service Rinse
5.74 5.62 6.55 4.29
38 077 37 784 3241 7851
49 164 48 050 5141 10 312
4.0 3.0 4.0 3.0

1520 1300 3.6 25.0

1149 929 3.1 13.59
11 220 11 450 1170 2690
78.0 84.0 9.0 19.3

<0.03 <0.03 <0.03 <0.03
38.0 3.0 0.8 1.1
12.20 7.32 14.64 2.44

5000 6840 940 2400
19 060 17 140 1100 2700
10.0 6.0 12.0 2.0
ND ND NO KO

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

=
m
0
®
2
L G G L) G L3 L3 PO = NI N s b

Service
Service
Service
Service
Service
Service
Service
Service
Service
Service
Service
Service

Service
Service

N
w N

Process Throughput ca*t
stream B/V meq/2
Effluent 0.74 14.0
Effluent 1.97 77.8
Effiuent 3.68 78.8
Effluent 4.88 74.4
Influent 6.09 63.4
Effluent 6.09 72.9
Effluent 6.30 73.4
Effluent 6.92 73.4
Effiuent 7.53 74.4
Influent 7.57 2.39
Effluent 8.15 52.9
Effluent 8.76 42.4
Effluent 9.17 62.4
Effluent 0 1.82
Effluent 0.82 0.23
Influent 1.64 5.59
Effluent 1.64 0.24
Effluent 5.51 .18
Effluent 10.35 0.16
Effluent 15.19 0.15
Effluent 20.04 0.15
Effluent 24.88 0.15
Influent 29.72 5.84
Effluent 29.72 0.16
Effluent 34.56 0.15
Effluent 39.41 0.17
Effluent 44.25 0.20

Effluent 49,09 -
Effluent 52.32 0.70**
Effluent 54.26 1.00**
Influent - 5.59

*Calculated from Ca*t plus Mg'*

**:'Ca

and TH from operators’ titrations, Mg+* calculated from TH minus Catt

88

Mgt ™H*
meq/¢ meg/L
17.8 31.8
90.9 169
105 184
92.4 167
82.2 146
85.9 159
83.6 157
83.0 156
82.6 157
11.7 14.1
83.5 136
68.6 111
58.2 121
2.06 3.88
0.17 0.40
6.07 11.7
0.16 0.40
0.13 0.31
0.13 0.29
0.13 0.28
0.14 0.29
0.12 0.27
5.79 11.6
0.22 0.38
0.15 0.30
0.43 0.60
0.91 1.11
- 2.66**
2.281' 3'28t'
5.79 11.38

Na*

meq/¢

131
287
462
496
543
507
514
511
516

ENOVUVMITNOVOV~ OO0 O W



B6—3

SERVICE PERFORMANCE SUMMARY

Average concentrations. meq/Z Removal Resin capacity
Influent Effluent Dirterence % ea/L

Caj; 5.67 0.23 5.44 96 0.286

Mg 5.88 0.48 5.40 92 0.284

TH* 11.56 0.78 10.78 93 0.567

Na*t 39.7 - - -

*Calculated from Ca** plus Mg*t
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Concentrations, meq/£

ca*t, mg**, TH concentrations, meq/2
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B7-—1

Ion Exchange - Cycle 2.01.156

Date: 11/22/78

Purpose: To explore a high fresh regenerant flow rate at the condition
of a single pass regeneration (no recycling of regenerant).

Conditions: Feedwater - pretreated with high lime dosage for silica
removal
Backwash - feedwater
Regenerant - fresh ED brine
Service termination level - 1.5 meq/£ catt

Control variable levels: Fresh regenerant concentration - 47 000 mg/£ TDS*
Average fresh regenerant flow rate - 7.4 £/min
Volume of recycled regenerant, Regen 2 - 0 £
Standard resin bed height: 1066 mm

Resin bed volume: 97.3 ¢

Operating Conditions

Bed
Duration Throughput volume Avg. flow rate expansion Tempgrature
Mode Input Qutput _min 4 BY ¥/min  8V/min % c
Backwash Feed Waste 10 260 2.67 26.0 0.27 52 -
Drain (vent) Waste 3 62 0.64  20.7 0.21 - -
. Fresh Spent
Regeneration regenerant regenerant 34 250 2.57 7.35 0.08 - -
Rinse Feed Waste 10 150 1.54 15.0 0.15 - -
Service Feed Product 151 " 4560 46.9 30.2 0.31

Tank Chemical Composition

pH Conductivity Ca Mg** TH
Tank units pS/cm meq/ & meg/¢ meq/¢
T-9 7.19 5 095 6.6 6.2 12.8
T-28 - 58 777 8.0 18.5 26.5
T-33 - 5 503 1.0 2.0 3.0

*Estimated from daily tank conductivity. A discrepancy between this
conductivity, as determined by the chemical laboratory, and in-line
conductivity measurements was being investigated at the end of the
reporting period. Low confidence is assigned to this value at present.

**Calculated from TH minus Ca
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Calcium and Magnesium Concentrations Determined by Operators' Titrations

Process Throughput Ca*t Mgt*™ TH
Mode stream BV . meq/L meq/L meq/L
Regen Effluent 0.76 7.5 8.5 16.0
Regen Effluent 1.14 51.5 61.5 113
Regen Effluent 1.52 118 85.0 203
Regen Effluent 1.90 244 220 464
Regen Effluent 2.27 246 292 538
Regen Effluent 2.57 194 63.0 257
Rinse Effluent 0.77 9.0 10.5 19.5
Service Influent 1.54 7.6 6.4 14.0
Service Effluent 1.54 0.8 0.9 1.7
Service Effluent 6.20 0.5 0.7 1.2
Service Effluent 10.85 0.6 0.8 1.4
Service Effluent 15.51 0.5 0.9 1.4
Service Infiuent 20.16 7.6 5.2 12.8
Service Effluent 20.16 0.5 1.1 1.6
Service Effluent 24.82 0.5 0.7 1.2
Service Effluent 29.47 0.5 0.7 1.2
Service Effluent 34.13 0.7 1.1 1.8
Service Effluent 38.78 1.2 2.0 3.2
Service Effluent 41.88 1.3 3.1 4.4
Service Effluent 43.43 1.2 3.4 4.6
Service Effluent 44 .98 1.3 3.7 5.0
Service Effluent 46.54 1.4 4.2 5.6
Service Effluent 48.09 1.5 4.3 5.8
Service Influent 48.40 7.6 4.8 12.4
Service Effluent 48.40 1.6 4.4 6.0
Service Performance Summary
Average concentrations, meq/£ Removal Resin capacity
Influent Effluent Difference % eq/¢
** 7.6 0.83 6.77 89 0.317

Mgtt* 5.5 1.62 3.88 71 0.182
TH 13.1 .45 10.6 81 0.499

* Calculated from TH minus Ca*t
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Concentrations, meq/¢
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Date:

Purpose:

Conditions:

Control variable levels:

Standard resin bed height:

11/27/78

Bg—1

Ion Exchange - Cycle 2.01.174

To explore performance at low fresh and recycle regeneration
flow rates and high recycle regenerant volume.

Feedwater - pretreated with high lime dosage for silica

removal

Backwash - recycled regenerant
Regenerants - fresh ED brine and recycled regenerant
Service termination level - 1.5 meq/£ Ca**

Resin bed volume

Made

Regeneration 1

Regeneration 2

Regeneration 3
Drain
Rinse

Service

Input

Recycled
regenerant

Recycled
regenerant

Fresh
regenerant

(Vent)
Feed
Feed

Tank

1-5
T-6

T-28
7-33

Fresh regenerant concentration - 51 473 mg/2 TDS

Average fresh regenerant flow rate - 3.0 £/min

Average recycled regenerant flow rate, Regen 2 -
8.0 £/min

Volume of recycled regenerant, Regen 2 - 1384 ¢

1066 mm

97.3 ¢

Operating Conditions

*Calculated from TH minus catt
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Bed
OQuration Through:zut volume  Ava, flow rate expansion Terperacurs:

OQutput min Z 37 IJnin c¥/=an % o
Waste 10 230 2.36 23.0 0.24 57 17.2
Spent

regenerant 173 1384 14.2 8.0 0.08 n -
Spent
regenerant 82.5 250 2.57 3.03 0.03 2.7 16.8
Waste 3 62 0.64 20.7 0.21 - -
Waste 10 160 1.64 16.0 0.16 - -
Product m 5080 52.2 29.7 0.1 - -

Table 25

Tank Chemical Composition

pH Conductivity catt Mg ++* ™

units ps/cm mea/ e meq/L meq/¢
- 49 662 84.0 102 186
- 48 992 110 126 236

7.36 4 959 8.8 5.6 14.4
- 58 330 11.0 18.0 29.0
- 5 546 0.8 1.6 2.4



Calcium and Magnesium Concentrations Determined bv Cperatecrs' Titrations

B8—2

Process Throughput ™t Mg tt* TH
Mode stream 8V meqg/f meg/L meq/l
Regen 1 Effluent 0 9.0 6.0 15.0
Regen 1 Effluent 1.18 110 100 210
Regen 1 & 2 Effluent 2.36 162 114 276
Regen 2 Effluent 2.77 156 134 290
Regen 2 Effluent 3.13 150 118 263
Regen ¢ Effluent 3.55 130 140 270
Regen 2 Effiuent 4.41 136 118 254
Regen 2 Effluent 5.23 130 112 242
Regen 2 Effluent 6.06 128 118 246
Regen 2 Effiuent 6.88 140 106 246
Regen 2 Effluent 7.70 110 94.0 208
Regen 2 Effluent 8.52 108 152 260
Regen 2 Effluent 9.35 114 120 234
Regen 2 Effluent 10.17 100 104 204
Regen 2 Effluent 10.99 92.0 100 192
Regen 2 Effluent 11.81 90.0 104 194
Regen 2 Effluent 12.63 100 86.0 196
Regen 2 Effluent 13.46 98.0 98.0 196
Regen 2 Effluent 14.28 98.0 102 200
Regen 2 Effluent 15.10 92.0 112 204
Regen 2 Effluent 15.92 88.0 100 188
Regen 2 & 3 Effluent 16.58 88.0 116 204
Regen 3 Effluent 16.89 80.0 110 190
Regen 3 Effluent 17.20 90.0 94.0 184
Regen 3 Effluent 17.51 86.0 104 150
Regen 3 Effluent 17.83 92.0 100 192
Regzn 3 Influent 18.14 9.0 21.0 30.0
Regen 3 Effluent 18.14 96.0 104 200
Regen 3 Effluent 18.45 118 116 234
Regen 3 Effluent 18.7¢6 100 125 225
Regen 3 Effluent 19.07 92.0 106 158
Regen 3 Effluent 19.15 86.0 106 192
Rinse Effluent 0.82 26.0 32.0 58.0
Service Effluent 1.64 2.0 1.60 3.60
Service Influent 5.61 8.4 4.4 12.4
Service Effluent 5.61 0.438 0.32 0.80
Service Effluent 10.19 0.24 0.64 0.88
Service Effluent 14.77 0.28 0.36 0.64
Service Effluent 19.35 0.32 0.32 0.64
Service Influent 23.93 8.4 4.4 12.8
Service Effluent 23.93 0.48 0.24 0.72
Service Effluent 28.51 0.32 0.56 0.88
Sarvice Effluent 33.09 0.48 0.72 1.20
Service Effluent 37.67 0.52 1.24 1.76
Service Effluent 42.25 0.56 2.32 2.88
Service Effluent 46.83 1.00 3.40 4.40
Service Effluent 51.41 1.28 4.32 5.60
Service Effluent 52.94 1.44 - -
Service Influent 53.86 8.4 4.0 12.4
Service Effluent 53.86 1.82 4.68 6.20
Service Performance Summary
Average concentrations, meq/2 Removal Resin capacity
Tnfluent Effluent Oiffarence % eq/l
ca™t 8.4 0.61 7.79 93 0.407
Mg ++* 4.1 1.34 2.76 67 0.144
TH 12.5 1.35 10.5 84 0.55]

*Calculated from TH minus Catt
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Concentrations, meq/¢
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Ion Exchange - Cycle 2.01.202

Date: 12/4/78

Purpose: To explore a high fresh regenerant flow rate with use of
recycled regenerant for backwash only.

Conditions: Feedwater - pretreated with high lime dosage for silica
removal
Backwash - recycled regenerant
Regenerants - fresh EC brine and recycled regenerant

Service termination level - 4.5 meg/¢ Ca*t
Control variable levels: Fresh regenerant concentration - 23 (074 mg/Z T0S

Average fresh regenerant Tlow rate - 7.7 &/min
Volume of recycled regenerant, Regen 2 - 0 £

Standard resin bed height: 1066 mm
Resin bed volume: 97.3 £

Operating Conditions

Bed
Duration Througnput voluma  Avg. flow rate  expansion  Temo2rituce
Mode Input Output min A 57 Imin 2V : L

) Recycled
Regeneration 1 regenerant Waste 10 240 2.47 24.0 0.25 61 15.0

) Fresh Spent
Regeneration 3 regenerant regenerant €5 500 5.14 7.7 0.08 13 14.8
Drain (Vent) Waste 3 62 0.64 20.7 0.21 - -
Rinse Feed Waste 10 160 1.64 16.0 0.16 - -
Service Feed Product 176 5730 £8.9 32.6 0.33 - -

Tank Chemical Composition**

pH Conductivity ca™* Mgtt* TH
Tank units pS/cm mea/¢ meq/é meq/¢
T-5 - 27 160 50.0 58.0 108
T-6 - 26 128 74.0 54.0 128
T-9 7.C9 4 741 6.8 7.6 14.4
7-28 - 6 248 14.0 24.0 38.0
7-33 - 5 010 2.32 4.24 6.56

*Calculated from TH minus Catt
**Concentrations determined by cperators’® titrations
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Chemical Analyses of Significant Components in Composite Samples

Cycle influent Cycle effluert
Sample Reg | Req 3 Zervice Req 1 Rea 3 Ainse Service
pH units 7.14 6.73 7.08 7.05 7.01 7.12 7.43
T0S {calc) mg/ & 21 636 23 074 3175 13 718 20 %99 9765 3206
Conductivity @ 25 9C  uS/cm 27 445 28 467 4662 17 231 25 175 1643 4993
Silica mg/ ¢ 14 17 9 12 15 11 9
Calcium mg/ £ 1050 224 129 1020 1310 111 33.5
Magnesium mg/ L 611 319 65.6 608 615 72.6 42.3
Sodium mg/ L 6100 7640 507 2940 5330 2880 1060
Potassium mg/ £ 37.8 76.0 8.0 21.7 30.9 25.1 10.7
Iron, total mg/ £ <0.03 <0.03 <0.03 <0.03 0.44 <0.03 <0.03
Strontium mg/ L 19.1 3.2 2.1 17.3 22.4 1.9 0.5
Bicarbonate mg/ £ 37.6 71.7 26.8 51.2 70.8 43.9 26.8
Sulfate mg/ L 5300 6500 930 3460 5620 2340 924
Chloride mg/ L 8480 8240 1106 5600 8000 4200 1108
T-alkalinity as CaCl; mg/Z 30.8 58.8 22.0 42.0 58.0 36.0 22.0
P-alkalinity as CaCd; mg/l ND ND ND ND ND ND ND

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

++ +
Process Throughput ca** Mg T Na/
Made stream B/Y meq/ L meq/& meg/& mea/g
Regen 1 Influent 1.23 52.4 50.3 103 265
Regen 1 Effiuent 1.48 30.9 23.9 54.8 81.0
Regen 1/3 Effluent 2.47 69.9 75.7 146 174
Regen 3 Influent 2.8 11.2 26.3 37.5 332
Regen 3 Effluent 3.26 64.9 63.0 133 198
Regen 3 Effluent 4.05 74.8 66.3 141 206
Regen 3 Effluent 4.84 69.4 59.4 129 223
Regen 3 Effluent 5.63 69.4 47.7 117 242
Regen 3 Effluent 6.42 65.9 40.7 107 258
Regen 3 Effluent 7.21 61.4 35.2 96.6 267
Regen 3 Effluent 7.61 49 .9 37.5 87.5 205
Rinse Effluent 0.82 10.1 11.2 21.3 191
Service Effluent 1.64 0.54 0.63 1.22 52.9
Service Influent 6.99 6.44 5.50 11.9 39.4
Service Effluent 6.92 0.43 0.52 1.10 51.6
Service Effluent 12.01 0.49 0.63 1.12 50.3
Service Effluent 17.03 0.51 0.71 1.21 50.4
Service Effluent 22.05 0.57 C.95 1.52 50.3
Service Effluent 27.07 0.70 1.59 2.29 48.3
Service Effluent 32.09 0.93 2.94 2.47 47.6
Service Effluent 37.10 1.2% 3.68 4.93 45.4
Service Influent 42.12 6.34 5.42 11.3 39.4
Service Effluent 42.12 1.70 3.67 6.37 44.5
Service Effluent 37.14 2.20 5.41 7.61 43.3
Service Effluent 52.16 2.79 5.08 3.77 42.3
Service Effluent 57.13 3.29 6.23 9.52 42.6
Service Effluent 58.35 3.64 G.2% 9.3% 41.4
Service Influent 60.93 6.44 5.45 11.4 39.9
Service Effiuent 50.53 3.64 6.2 10.0 39.9

*Calculated from Ca** plus Mg*™
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SERVICE PERFORMANCE SUMMARY

Average concentrations, meq/?Z Removal Resin capacity
Influent Efriuent Difrerence % eq/L

Caly 6.41 1.36 5.05 79 0.297

Mg 5.46 2.94 2.52 46 0.148

TH: 11.87 4.29 7.58 64 0.446

Na 39.6 47.3 -7.7 - -

*Calculated from Ca*t plus Mg*t
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Date: 12/11/78

B810-—1

Ion Exchange - Cycle 2.01.213

Purpose:  To explore a high fresh regenerant flow rate with use of recycled
regenerant for backwash only.

Conditions: Feedwater - Pretreated with high 1lime dosage for silica removal

Backwash - recycled regenerant
Regenerants - fresh ED brine and recycled regenerant
Service termination level - 4.5 meq/2 Ca‘tt

Control variable levels:

Standard resin bed height:

Resin bed volume: 97.3 2

Hode Input
Recycled
Regeneration 1 regenerant
Fresh
Regeneration 3 regenerant
Drain (Vent)
Rinse Feed
Service Feed
Tank

pH

units

7.48
7.35

Fresh regenerant concentration - 24 864 mg/£ TDS
Average fresh regenerant flow rate - 7.8 £/min
Volume of recycled regenerant, Regen 2 - 0 &

1066 mm

Operating Conditions

*Calculated from TH minus Catt
**Concentrations determined by operators' titrations
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Bed
Duration Throughput volume Avg. flow rate expansion Temngrature
Qutput min i BY Lmin "TV/min % C
Waste 10 240 2.47 24.0 0.25 64 12.0
Spent
regenerant 205 1600 16.4 7.79 0.08 14 13.8
Waste 3 62 0.64 20.7 0.21 - -
Waste 10 170 1.75 17.0 0.17 - -
Product 295 9050 93.0 30.7 0.32 - -
Tank Chemical Composition**
Conductivity Catt M K ™
uS/cm meq/¢ meg/£ meq/¢
26 364 46.0 54.0 100
27 322 50.0 36.0 86.0
4 560 7.20 £.20 12.4
27 812 19.0 39.0 58.0
4 811 1.92 5.34 7.76
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Major Cation Concentrations of Samples Analyzed by Atomic Absorption

Process Throughput catt Mg*t ™* Na*
Made stream 8/V meq/€ meg/L meq/£ meq/L
Regen 1 Infliuent 1.23 43.4 47.9 91.3 261
Regen 1 Effluent 1.48 45.9 41.7 87.6 102
Regen 1/3 Effluent 2.47 61.4 77.4 139 171
Regen 3 Influent 2.87 13.7 38.4 52.1 330
Regen 3 Effluent 3.27 57.9 71.1 129 200
Regen 3 Effluent 4.07 58.9 72.9 132 226
Regen 3 Effluent 4.88 56.4 64.6 121 237
Regen 3 Effluent 5.68 56.9 56.8 114 256
Regen 3 Effluent 6.48 58.4 48.6 107 272
Regen 3 Effluent 7.28 54.4 43.0 97.4 284
Regen 3 Effluent 8.08 50.9 40.7 91.6 287
Regen 3 Effluent 8.89 46.9 39.1 86.0 294
Regen 3 Effluent 9.69 42.9 37.8 80.7 308
Regen 3 Effluent 10.49 39.9 36.2 76.1 307
Regen 3 Effluent 11.29 36.9 35.7 72.6 307
Regen 3 Effluent 12.10 34.9 34.6 69.5 312
Regen 3 Effluent 12.90 32.9 34.5 67.4 312
Regen 3 Effluent 13.70 30.9 34.7 65.6 310
Regen 3 Effluent 14.50 29.9 34.5 64.4 310
Regen 3 Effluent 15.30 28.9 34.6 63.5 311
Regen 3 Effluent 16.11 27.4 35.6 63.0 316
Regen 3 Effluent 16.91 26.4 35.0 61.4 311
Regen 3 Effluent 17.71 25.4 35.6 61.0 316
Regen 3 Effluent 18.51 24.6 36.0 60.6 318
Regen 3 Effluent 18.91 28.9 36.1 65.0 279
Rinse Effluent 0.87 17.7 33.3 51.0 312
Service Effluent 1.75 0.39 0.82 1.21 52.9
Service Influent 3.33 7.19 4.71 11.9 38.0
Service Effluent 3.33 0.32 0.68 1.00 49.6
Service Effluent 8.06 0.31 Q.67 0.98 49.¢6
Service Effluent 12.79 0.31 0.67 0.98 49.0
Service Effluent 17.52 0.31 0.66 0.97 48.8
Service Effluent 22.25 0.31 0.71 1.02 48.6
Service Effluent 26.98 0.33 0.81 1.14 48.8
Service Effluent 31.71 0.36 1.11 1.47 48.3
Service Effluent 36.44 0.43 1.64 2.07 47.8
Service Effluent 41.17 0.52 2.60 3.12 47.0
Service Influent 45.89 7.09 4.70 11.8 38.3
Service Effluent 45.89 0.68 3.87 4,55 45.2
Service Effluent 50.62 0.85 5.74 6.59 44.3
Service Effluent 55.35 1.10 5.86 6.96 43.0
Service Effluent 60.08 1.37 6.46 7.83 42.7
Service Effluent 64.81 1.71 6.93 8.64 41.9
Service Effluent 69.54 2.09 7.17 9.26 40.9
Service Effluent 74.27 2.54 7.22 9.76 40.7
Service Effiuent 79.00 2.94 7.18 10.1 40.0
Service Effluent 83.73 3.34 7.12 10.5 39.8
Service Effluent 88.4¢€ 3.74 7.02 10.8 39.1
Service Effluent 93.19 3.99 6.81 10.8 39.1
Service Influent 94.76 7.29 4.12 12.0 38.7
Service Effiuent 94.76 4.19 6.77 11.0 39.4

*Calculated from Ca*t plus Mg++
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Chemical Analyses of Significant Components in Composite Samples

Sample

pH

T0S (calc)
Conductivity @ 25 0¢C
Silica

Calcium

Magnesium

Sodium

Potassium

Iron, total

Strontium
Bicarbonate

Sulfate

Chlaride

T-alkalinity as CaCOj
P-alkalinity as CaCO4

*Calculated f

Cycle influent Cycle effluent

Reg 1 Reg 3 Service Reg 1 Reg 3 Service Rinse
units 7.10 6.96 7.32 7.26 7.50 7.37 7.45
mg, £ 22 241 24 864 3171 15 851 23 992 3223 14 398
pS/en 27 242 30 004 4829 18 726 27 448 4410 15 196
mg/L 13 9 4 11 8 4 9
mg/L 870 274 145 11¢0 840 30.5 183
mg/L 582 466 62.2 732 548 84.1 233
mg/L 6000 7600 874 3320 6820 1024 4490
mg/L 41.5 121 8.4 24.5 60.8 15.3 63
mg/L <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
mg/2 17.8 3.3 1.9 19.3 15.2 0.1 2.7
mg/L 29.3 100 29.3 §5.1 97.6 29.3 65.9
mg/e 5700 7000 930 3900 6570 950 4100
mg/2 9000 9300 1120 6700 9040 1120 5260
ma/L 24 82 24 45 80 24 £4
mg/2 ND ND, ND ND NO ND ND

SERVICE PERFORMANCE SUMMARY

Average concentrations, meq/2 Removal Resin capacity
Influent Effluent Difference % eq/?
catt 7.19 1.37 5.82 8
ngtt 471 4.05 0.66 14 g'ggi
' .
TH 11.90 5.42 6.48 54
+ 0.603
Na 38.33 44.75 -6.42 - -

rom Ca** plus Mgtt
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ca**t, Mg*t, TH concentrations, meq/2

B10—4
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APPENDIX C — DATA FROM PHASE 2

c1-1

Ion-Exchange - Run 3.02.00

Date 2/14/79
Cycle 3.02.08
Conditions Feedwater - Wellton-Mohawk drainage .pretreated
(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Target Actual
Control Variables: Fresh regeneration conc. (mg/L TDS) 207000 15 930
Fresh regeneration flow rate (L/min) 3.0 3.0
Recycled regenerant flow rate (L/min) 16.0 14.8
Recycled regenerant volume (L) 800 800
Service termination point (meq/L Ca**) 4.5 4.1

Standard resin bed:

Height = 1066 mm

Volume = 97.3 L

Chemical Compositions of Tank Waters Prior to Cycle 3.02.08

Tank
Recycle regenerant (T-5)
Spent regenerant (7-6)
Lime-softened feed (T-9)
Fresh ED brine (T-28)
IX product/ED feed (T-33)

Cycle 3.02.08 Operating Conditions

OURATION
INPUT ouTPUT MIN
RE HEGEN WASTE 10
RE REGEN SP REGEN S6
FP REGEN SP REGEN 310
(VENT) WASTE 3
FEED wASTE 10
FEED PROOUCT 226
(VENT) nA3TE 2

pH Conductivity ca** Mg++ TH
units usS/cm meq/L meg/L  meag/L
- 26 700 57.0 37.0 94.0
- 26 480 58.0 38.0 96.0
7.4 5 136 8.00 6.80 14.8
6.6 27 260 5.40 30.6 36.0
7.1 5 750 1.60 4.60 6.20
BED
THROUGHPUT VOLUME  AVG FLOW RATE EXPANSION
(N BV L/MIN 8BV/MIN %
240 2ea1 24,0 25 53
800 8,22 14 .4 W15 30
933 9,59 3.0 .03 0.5
02 064 20.7 21 0
160 lebo 16.0 16 0
6460 T0.5 30.¢ e31 0
4l x4 20.7 21 0
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Cc1-2

Fresh Regenerant Volume Balance

Estimated
Fresh fresh Estimated
regenerant regenerant Service ED feed
Run 3.02.00 volume (V3) TDS volume (Vg) TDS R
- Cycle no. Date £ mg/e L mg/ L X Va/(-RIVg

01 2/9/79 1650 21 724 9070 3168 87 1.43
02 2/10/79 1650 21 724 8490 3168 87 1.53
03 2/11/79 930 21 724 7830 3168 87 0.94
04 2/11/79 930 21 724 7050 3168 87 1.04
05 2/12/79 930 21 373 6360 3275 87 1.00
06 2/13/79 930 21 039 7160 3372 86 0.92
07 2/13/79 930 21 039 6530 3372 86 1.01
08 2/14/79 933 21 109 6860 3565 85 1.10

Influent and Effluent Compositions during Cycle 3.02.08

Regen 1,2 Regen 1  Regen 2 Regen 3 ilti?ce Rinse Servi

influent effluent effluent Influent Effluent influent effluent eff]ueﬁi
pH units - - - 6.6 - 7.4 7.1 7.3
T0S(E ions) mg/ L 19 600 13 541 19 261 19 993 19 337 3179 17 011 3209
Conductivity @ 25 °C  ,s/cnm - - - 24 929 - 5049 22 490 5161
Silica mg/ L 1.0 9.6 10.0 8.3 8.8 7.2 8.1 7.3
Calcium mg/ L 1050 1120 1320 186 940 152 179 35.1
Magnesium mg/ L 436 484 540 303 334 60.0 209 52.9
Sodium mg/ L 5510 3110 4940 6560 5650 918 5580 1061
Potassium mg/ L 22.6 14.3 20.8 82 23.0 8.2 69 12.9
Strontium mg/ L 15.3 15.0 17.9 2.4 13.1 2.5 2.8 0.8
Bicarbonate mg/ L 107 98 122 39.5 137 24.4 41.0 22.0
Carbonate mg/ L ND ND ND ND ND NB ND ND
Hydroxide mg/ L ND ND ND ND ND ND ND ND
Sulfate mg/ L 5240 3580 5100 5720 5140 908 4720 914
Chloride mg/ L 7220 5120 7200 7100 7100 1106 6210 1110
T-alkalinity as CaC03 mg/L 88 80 100 32.4 112 20.0 33.6 18.0
P-alkalinity as CaCO mg/| ND ND ND ND ND ND NO ND
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MODE

REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
RINSE
RINSE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE

WWwWwwlwwN NN - —

CA
MG
TH
NA

C1-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

PROCESS
STREAM

EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
IMFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT

AVERAGE CONCENTRATIONS,
ODIFFERENCE

INFLUENT EF
7.617
4,96

12,63

39.47 4

CYCLE 3.02.08

THROUGHPUT CA

BV

0.00
1.23
2.47
3.08
6.27
10.69
12.55
13.10
15.52
17.93
20.28
0.00
.82
1.64
4,65
25.98
38.14
50.31
62.48
72.15
72.15

Service Performance Summary

MEQ/L

16,82
72.85
77.84
52.40
62.07
55.89
9,28
52.40
46,41
38.92
38,92
11.13
.24
32
T.73
«30
T.63
1.53
2.79
7063
44,09

CYCLE 3.02.08

FLUENT

l.27
3.50
477
Te74

MEQ /L

6440
1e495
7.85
-8Bes27
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MG
MEQ/L

11.85
53.00
53.58
35.88
42.63
338.27
24.94
32.59
23.13
19.26
25.0¢
23.54
11.03
«67
5.00
75
4.91
5.79
7437
4495
T.l4

REMOVAL

%

83
29
62

TH
MEQ/L

28,67
125.86
131.42

88.28
105.51

94,16

34,22

64.99

69.53

Sb,18

63.94

34,67

17.27

+ 95
12,74
1.05
12.55
7.32

10.16

12,59

11,24

NA
MEQ/L

63.98
154.85
193.13
239.67
222.71
233.54
285,34
242.28
247.06
263.16
257.50
284,91
205.31

564.59

35.80

50454

39.10

44,45

42445

39.50

40,71

RESIN CAPACITY

EQ/L

s 451
102
«55¢
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»ONE

QFEGEN )
QFGFN 2
REGEN 3
NHATN 1
RINSE

SFRVICF

DR&IN 2

1MPUT

RE PEGEM
RE WEGEN
FR KEGEN
(VEMT)
FEED
FEED

(VENT)

Cc2—1

Ion-Exchange - Run 3.07.00C

Date:
Cycle:

Conditions:

Control Variables:

Standara resin bed:

1727779
3.01.32C
Feedwater - Wellton-Mohawk drainage pretreated

{in Train IV) with high lime dosage for silica removal
Regenerants - recycled reqenerant and fresh £0 brine

Target  Actual
Fresh regeneration conc. (mg/L TDS) 20 000 227230

Fresh regeneration flow rate (£/pin) 8.0 8.0
Recycled regenerant flow rate (&/min) 16.0 14.6
Recycled regenerant volume (&) 800 800
Service termination point (meq/{ Ca++) 1.5 1.3

Height = 1066 mm
Volume = 97.3 ¢

Chemical Compositions of Tank Waters Prior to Cycle 3.01.32C

pH Conductivity  Ca** Mg ™
Iiﬂ_ units wS/em meq/2 meqg/L meq/Z
Recycle regenerant {T-5) - 27 600 42.0 48.0 90.0
Spent regenerant (T-6) - 27 300 56.0 44.0 100
Lime-softened feed (7-9) 7.5 4 794 7.20 6.0 13.2
Fresh ED brine (7-28) 6.6 29 350 4.00 22.0 26.0
IX product/ED feed (T-33) 7.1 5 283 0.56 2.24 2.80

Cycle 3.01.32C Operatino Conditions

DURATION THROUGHPUT VOLUME AVG FLOW RATE EXP:S?ION
0yTPUT MIN L By L/MIN  BV/MIN %
WASTE 10 240 2e47 24.00 «25 59

<P REGEN 55 A00 a.22 14,55 .15 33

SO REGEN Q4 %2 T.73 .00 «0B 10
WASTF 3 62 b4 20.70 21

WASTE 10 160 1,064 16,00 .16

PANNUCT 176 5270 Su,.l6 29,94 <31

WASTF 2 41 o6? 20.70 «21
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c2-2

Fresh Regenerant Volume Balance

Estimated
Fresh fresh Estimated
regenerant regenerant Service ED feed
Run 3.01.00C volume (V) TDS volume (V) DS R
cycle no. Date J4 mg/ ¢ £ mg/L % Va/(0-R)V

01 1/14 1800 - 7650 - 87 1.76

02 1/14 800 - 5940 - 87 1.01

03 1/15 800 21 300 5500 3190 87 1.09

04 1/14 800 21 300 5780 3190 87 1.03

05 1/16 800 21 300 4670 3550 85 1.16

06 1/16 600 21 300 5680 3550 85 0.71

07 1/16 600 21 300 5450 3550 85 0.74

19 1/22 700 19 000 5660 2890 87 0.95

20 1/22 700 19 000 5580 2890 87 0.97

21 1/23 700 18 000 5230 2830 87 1.00

22 1/23 700 18 000 4850 2830 87 1.08

23 1/23 900 18 000 6560 2830 87 1.02

24 1/23 900 18 000 6450 2830 87 1.05

25 1/24 750 22 800 6050 3220 88 1.01

26 1/25 750 22 500 5850 3330 87 0.99

27 1/25 750 22 500 5580 3330 87 1.03

28 1/25 760 22 500 5700 3330 87 1.01

29 1/26 750 20 200 5230 3120 87 1.07

30 1/26 750 20 200 5770 3120 87 0.97

N 1/26 750 20 200 5520 3120 87 1.01

32 1727 750 21 300 5270 3275 86 1.06

Influent and Effluent Compositions during Cycle 3.01.32C
Rinse §
Regen 1,2 Regen 1 Regen 2 Regen 3 service Rinse Seryice
influent effluent effluent TnfTuent Efffuent influent effluent effluent

pH units - - - 7.6 - - - -
T0S (z ions) mg/L 20 450 13 596 30 039 22 280 21 150 3082 12 424 3149
Conductivity @ 25 9%C  ,s5/em - - - 31 600 - - - -
Silica mg/L <] <} <l 8 <1 7 8 7
Calcium ma/L 870 910 1060 63 790 130 191 13.8
Magnesium mg/& 524 471 594 99.2 357 55.0 75.3 23.1
Sodium mg/L 5760 3460 5370 7960 6520 898 4180 1084
Potassium mg/L 27.7 29.0 41.0 64.0 49.0 8.1 30.7 11.0
Strontium mg/L 15.7 13.0 16.0 0.7 12.0 2.0 3.5 <0.1
Bicarbonate mg/L 93 73 98 63.4 102 24.4 41.9 22.9
Carbonate mg/L ND ND ND ND ND ND ND ND
Hydroxide mg/L ND ND ND ND ND ND ND ND
Sulfate mg/L 5460 3440 5260 6370 5740 934 3600 964
Chigride mg/L 7700 5200 7600 7660 7580 1030 4300 1030
T-alkalinity as CaC03y mg/e 76 60 80 52.0 84 20.0 36.0 18.8
P-alkalinity as CaCO0 mg/t ND ND ND ND ND ND ND KD
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Cc2-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

PROCESS
MODE STREAM 8v
REGEN 1 EFFLUENT 0.00
FEGEN 1 EFFLUENT 1.23
REGEN 2 EFFLUENT 4.08
REGEN 2 INFLUENT 4.86
REGEN 2 EFFLUENT 7.85
REGEN 3 EFFLUENT 10.69
REGEN 3 INFLUENT 11.27
REGEN 3 EFFLUENT 12.58
REGEN 3 EFFLUENT 14 .47
REGEN 3 EFFLUENT 16.36
REGEN 3 EFFLUENT 18.42
RINSE EFFLUENT 0.00
RINSE EFFLUENT .82
SERVICE EFFLUENT l1.64
SERVICE INFLUENT 3.49
SERVICF EFFLUENT 20,72
SERVICE INFLUENT 30.206
SERVICE EFFLUENT 37.96
SERPVICE EFFLUENT 49,34
SERVICE EFFLUENT 55,81
AVERAGE COMCENTRATTIONS s
TNFLUEHNT FFFLUENT
Ca 651 L, 55
e 4,61 1764
TH 11.27 l.7¢
NA& 8,95 4R.71

Service Performance Summary

CYCLE 3.01.32C

THROUGHPUT CA

MEQ/L

14,27
58.84
63.87
43,41
50.%0
51.40
3.14
50.90
39.92
32.93
34,43
19.01
51
«35
.59
.36
b.64
«51
93
1.32

CYCLE 3.01.32C

MEG/L

DIFFERENCE

f, 06
3.37
G.43
-9.76

11

MG
MEQ/L

16.37
51.28
54,57
43,13
47,16
45,76
8.16
35.31
24.44
17.61
23.46
12.16
«35
b
4,64
26
4,58
la14
3.28
4,48

REMOVAL

92
73
R4

TH
MEQ/L

24,64
110.16
B6.S¢
968,06
S7.16
11.31
£6.21
64,36
50,58
57.89
31.19
87
59
11‘23
62
11‘21
l1.66
4,22
5.80

NA
MEQ/L

61.55
164 .85
218.36
250.54
236.19
243,58
346.24
277.95
292.74
30%.35
2R5.34
313.18

58,37

50.20

39.19

49.63

38,71

48,98

46 .28

4“.63

RESTINH CaPaCTTY

EQ/L

328
«21]
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C3—1

Ion-Exchange - Run 3.02.00C

Date: 2/1/79
Cycle: 3.02.12C

Conditions: Feedwater - Wellton-Mohawk drainage pretreated
{in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Target Actual

Control Variables: Fresh regeneration conc. (mg/L TDS) 206 000 20 400

Fresh regeneration flow rate (L/min) 3.0 3.2
Recycled regenerant flow rate (L/min) 16.0 14.6
Recycled regenerant volume (L) 800 800
Service termination point (meq/L Ca**) 1.5 1.2

Standard resin bed: Height = 1066 mm
Volume = 97.3 L

Chemical Compositions of Tank Waters Prior to Cycle 3.02.12C

pH Conductivity ca*tt Mg++ TH
Tank units uS/cm meq/L meq/L  mea/L
Recycle regenerant (T-5) - 27 250 40.0 28.0 68.0
Spent regenerant {7-6) - 27 150 41.0 29.0 70.0
Lime-softened feed (T-9) 7.5 4 938 6.80 5.20 12.0
Fresh ED brine (T-28) 7.2 27 300 6.40  6.80 13.2
IX product/ED feed (T-33) 7.4 5 301 0.56 2.04 2.60
Cycle 3.02.12C Operating Conditions
BED
DURATION THROUGHPUT VOLUME  AVG FLOW KATE EXPANSION TEMPERATURE
MODE INPUT ouTPYT MIN L Bv L/MIN  BV/MIN L3 c
REGEN 1 RE REGEM WASTE 10 240 2447 26.0 .25 61 14.6
REGEN 2 RE REGEM SP REGEN 55 840 8.22 14.5 .15 32
REGEN 3 FR REGEN SP REGEN 280 883 9.08 3.15 «03 2 15.2
DRAIN 1 (VENT) WASTE 3 62 «b6 20.7 21 0
RINSE FEED WASTE 10 140 labs 14.0 ol4 0
SERVICE FEED PRODUCT 203 5910 60.7 29.1 +30 0
DRAIN 2 (VENT) WASTE 2 41 Y- 20.7 .21 0
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Run 3.02.00C
—_cycle no.

pH

T0S (¢ ions)
Conductivity @ 25 C
Silica

Calcium

Magresium

Sodium

Potassium

Strontium
Bicarbonate
Carbonate

Hydroxide

Sulfate

Chloride
T-alkalinity as CaCQ3

P-alkalinity as CaC0

Cc3—-2

Fresh Regenerant Volume Balance

Estimated
Fresh fresh Estimated
regenerant regenerant Service ED feed
volume (V3) T0S volume (Vg) T0S
Date 4 mg/L 14 mg/&
1/27 900 3275 6230 5283
1/28 900 3275 6320 5283
1/28 900 3275 5930 5283
1/29 5700 3294 7510 5313
1/29 840 3294 6610 5313
1/30 840 3206 6030 5171
1/31 840 3317 6000 5350
/3 840 37 6420 5350
/3 840 3317 6180 5350
2/1 840 3287 5910 5301

R
.

Influent and Effluent Compositions during Cycle 3.02.12¢C

units

mg/ L

uS/cm

mg/L
mg/ L
mg/
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/L
mg/ L
mg/ L
mg/ L

114

Regen 1,2 Regen 1  Regen 2 Regen 3 thi?ce Rinse Service
influent effluent effluent Influent Effluent influent efflyent effluent
- - . 6.7 - 7.5 7.3 7.6
19 861 13458 19 376 20 361 19 789 3052 4917 N
- - - 28 576 - 4994 7907 5275

<1.0 <1.0 <1.0 10 <1.0 7 8 9
890 950 1110 24.4 820 141 7.8 8.8
408 486 536 117 295 58.7 7.2 22.9
5680 3280 5150 7060 5840 879 1752 1097
32.8 16.5 27.0 73 31.3 8.0 17.9 12.5
12.2 12.5 14.9 1.1 11.0 2.4 0.4 0.5
97.6 73 98 65.9 112 26.8 31.7 12.9
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
5580 3700 5420 5900 5640 936 1550 980
7160 4940 7020 7120 7040 1000 1550 1002

.80 60 80 54.0 92 22.0 26.0 10.6
ND ND ND ND ND ND ND ND



C3-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 3.02.72C

PROCESS THROUGHPUT CA MG
MODE STREAM BvV MEQ/L MEQ/L
REGEN 1 EFFLUENT 0,00 12.57 9.8%
REGEN 1 EFFLUENT ls23 65,37 54,90
REGEN 2 EFFLUENT 2ot T 66.87 54 .40
REGEN P2 INFLUENT 3.06 46,4] 33.58
REGEN 2 EFFLUENT 6.50 52,40 41,15
REGEN 3 EFFLUENT 10.69 48,40 37.70
REGEN 3 INFLUENT 10.85 1.22 9,63
REGEN 3 EFFLUENT 12.99 45,41 33.09
REGEN 3 EFFLUENT 15.23 404,42 20.16
REGEN 3 EFFLUENT 17.50 35.43 12.10
REGEM 3 EFFLUENT 19,74 36.43 18.85
KINSE EFFLUENT 0.00 .61 99
RINSE EFFLUENT o712 ola o 21
SERVICE EFFLUENT 1.44 «13 «19
SERVICE INFLUENT 3.23 7.24 4485
SERVICE EFFLUENT 21.49 «13 o2V
SERPVICE INFLUENT 31.36 7.19 4,84
SERVICE EFFLUENT 41,53 22 1.02
SERVICE EFFLUENT 51.41 «49 2489
SERVICE INFLUENT 62,18 7.19 4,81
SERVICE EFFLUENT 62.18 1.19 4,94

Service Performance Summary
CYCLE 3.02.12C
AVERAGE CONCENTRATIONSs MEQ/L REMOvVAL
INFLUENT EFFLUENT DIFFERENCE %

CA 7.20 31 6.90 96

MG 4 4,85 le28 3.57 T4

TH 12.05 1.58 10.47 87
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TH
MEQ/L

22445

120.27
121.27

77.99
Y3.55
86,10
10,385
78.50
60.58
47‘53
55.27
1.60
« 35
32
12.08
e 33
12,07
l.26
3.38
12.00
6.13

NA
MEQ/L

55.42
lel1.81
200,09
247.06
228.36
260.55
307.09
254 .89
259,68
275.34
260455
103,09

Sl.11

49,33

38.49

48.63

38.4]

48.11

46.15

43.58

RESIN CAPACITY

EG/L

419
217
636
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C4-—-1

Ion-Exchange - Run 3.01.00

Date: 2/8/79
Cycle:  3.01.15
Conditions: Feedwater - Wellton-Mowhawk drainage pretreated

(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Target Actual
Control Variables: Fresh regeneration conc. (mg/L TDS) 207000 20 61C

Fresh regeneration flow rate (L/min) 8.0 7.2
Recycled regenerant flow rate (L/min) 16.0 14.6
Recycled regenerant volume (L) 800 800
Service termination point (meg/L Ca**) 4.5 4.6

Standard resin bed: Height = 1066 mm
Volume = 97.3

Chemical Compositions of Tank Waters Prior to Cycle 3.01.15

(s ++ ++
pH Conductivity Ca Mg TH

Tank units uS/cm meq/L meq/L  mea/L
Recycle regenerant (T-5) - 29 710 45.0 37.0 82.0
Spent regenerant (T-6) - 29 960 47.0 35.0 82.0
Lime-softened feed (7-9) 7.7 4 705 7.20 5.20 12.4
Fresh ED brine (T-28) 6.8 27 850 10.0 25.2 35.2
IX product/€ED feed (T-33) 7.2 5 161 1.76 4.84 6.60

Cycle 3.01.15 Operating Conditions

DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPSZ?ION TEMPERATURE
MOOE INPUT QUTPUT MIN L dv L/MIN  WBV/MIN 3 c
REGEN 1 RE REGEN WASTE 10 240 2e07 24,0 25 54 16.9
REGEN 2 RE HEGEN SP REGEN 55 800 8.22 14.5 15 33
REGEN 3 FR REGEN SP REGEN 175 1257 12.9 7.18 07 10 15.7
DRAIN 1 (VENT)} WASTE 3 62 » 64 20.7 21 0
RINSE FEED WASTE 10 160 l.bs 16.0 16 0
SERVICE FEED PRODOUCT 3e2 9640 99.1 29.9 «31 0
DRAIN 2 (VENT) WASTE 2 4t 42 20.7 21 0
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Run 3.01.00
—Lycle no.

pH

TDS (¢ ions)
Conductivity @ 25 °C
Silica

Calcium

Magnesium

Sodium

Potassium

Strontium
Bicarbonate
Carbonate

Hydroxide

Sulfate

Chloride
T-alkalinity as CaCO3

P-alkalinity as CaCO

10
1
12
13
14
15

Date

2/5/79
2/5/79
2/6/79
2/7/79
2/7/19
2/8/79

C4-2

Fresh Regenerant Volume Balance

Fresh Fresh Estimated
regenerant regenerant Service ED feed
volume (V3) TDS volume (Vs) TDS R
£ mg/L £ mq/ £ X Vviy/(0-R)Vg
960 21 800 9850 3317 87 0.73
960 21 800 9860 3317 87 0.73
~1260 21 500 9860 3317 86 0.94
~1260 21 200 10460 3497 85 0.83
1260 21 200 9920 3497 85 0.87
1257 21 700 9640 3200 87 1.01

Influent and Effluent Compositions during Cycle 3.01.15

units
mg/ L
pS/cm
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L

Regen 1,2 Regen 1 Regen 2 Regen 3 zgiiice Rinse Service
influent effluent effluent Influent Effluent influent effluent effluent
- - - 6.7 - 7.1 7.0 7.0
22 204 14 705 21 652 20 608 21 083 3019 20 804 3010
- - - 28 000 - 4742 27 527 4902

<1.0 8 8 13 10 8 11 8
980 1260 1400 181 810 140 260 40.9
312 452 445 292 270 58.5 298 53.0
6620 3540 5780 6760 6360 870 6900 967
26.5 16.1 23.2 59.7 27.2 8.0 59.3 10.5
12.0 15.3 17.3 2.0 9.8 2.3 3.5 0.8
142 122 146 73.2 146 24.4 73.2 23.4
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
5900 3600 5700 6050 5800 876 5940 874
8340 5700 8140 7190 7660 1040 1270 1040
116 100 120 60.0 120 20.0 60.0 19.2
ND ND ND ND ND NO ND ND
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Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 3.01.15

PROCESS THROUGHPUT CA MG TH NA
MODE STREAM RV MEQ/L MEQ/L MEQ/L MEQ/L
REGEN 1 EFFLUENT 0.00 17.37 12.51 29.88 62.46
REGEN 1 EFFLUENT 1.23 82.83 53,33 136.17  176.60
REGEN 2 EFFLUENT 2.47 86.83 52.52 138.35  221.84
REGEN 2 INFLUENT 3.06 48.90 25.68 74.58  287.95
REGEN 2 EFFLUENT 6.50 67.37 35.31 102.67  287.95
REGEN 3 EFFLUENT 10.69 54.89 27.65 82.54  280.56
REGEN 3 INFLUENT 11.65 9.03 24.03 33.06  294.04
REGEN 3 EFFLUENT 13.87 44,41 22.96 67.37  267.94
REGEN 3 EFFLUENT 17.11 35.43 21.48 56.91  304.05
REGEN 3 EFFLUENT 20.36 31.94 22.22 54,16 303.6)
REGEN 3 EFFLUENT 20.61 35.93 22.88 58.81  317.09
RINSE EFFLUENT 0.00 12.67 23.62 36.30  302.74
RINSE EFFLUENT .82 13.47 22,22 35,70  287.08
SERVICE EFFLUENT 1.64 .31 .56 .87 48.85
SERVICE INFLUENT 4.4 7.04 4.35 11.39 35.54
SERVICE EFFLUENT 35.80 .30 .77 1.08 45,24
SERVICE INFLUENT 52.72 7.04 4,44 11.48 35.80
SERVICE EFFLUENT 69.95 1.94 6.14 8.08 37.89
SERVICE EFFLUENT 86.87 3,64 6.44 10.08 36.84
SERVICE INFLUENT 100.72 7.04 4.45 11.49 35.36
SERVICE EFFLUENT 100.72 4,59 6.25 10.84 36.36
Service Performance Summary
CYCLE 3.01.15
AVERAGE CONCENTRATIONS, MEG/L REMOVAL RESIN CAPACITY
INFLUENT  EFFLUENT  DIFFERENCE % EasL
T.04 1.54 5.49 78 «5¢4
4,42 3.38 104 23 «103
11445 4493 6653 57 647
35.57 42,04 -6.47
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FIGURE A- a

MAJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT

CYCLE 3.01.15
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Mode

Regen 1
Regen 2
Regen 3
Drain 1
Rinse

Service

Drain 2

Input.

Re Regen
Re Regen
Fr Regen
(Vent)
Re

Feed
{(Vent)

C5-—-1

Ton-Exchange - Run 3.03.00

Date:

Cycle:

Conditions:

Control variables:

Standard res

Chemical Compositions

in bed:

Tank

3/3/79
3.03.28

Feedwater - Wellton-Mowhawk drainage pretreated
(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Fresh regeneration conc. (mg/L TDS)
Fresh regeneration flow rate (L/min)
Recycled regenerant flow rate (L/min)

Recycled regenerant volume (L)

Service termination point (meq/L Ca**)

Height = 1066 mm
Volume = 97.3 L

Target

5.5
8.0

++
Ca

1600
3.0

+

Actual
337870

8.0
1600

of Tank Waters Prior to Cycle 3.03.28

Recycle regenerant (T-5)

Spent regenerant (T-6)

Lime-softened feed {(T-9)

Fresh ED brine (T-28)

IX product/ED feed (T-33)

Qutput

Waste
SP Regen
SP Regen
Waste
Waste

Product

Duration
Min
10
201
120

10
238

pH Conductivity Hg+ TH
units uS/cm meq/L meq/L  mea/L
- 41 855 48.0 54.0 102.0
- 41 256 47.0 57.0 104.0
7.4 S 560 8.80 5.60 14.4
6.1 45 246 7.20 27.2 34.4
7.0 5 845 0.80 3.80 4.60
Cycle 3.03.28 Operating Conditions
Bed
Throughput Yolume Avg. Flow Rate Expansion Temperature
L BY L/Min  BV/Min % c
240 2.47 24.0 .247 59 16.2
1600 16.4 7.96 .082 12
702 7.21 5.85 .060 6.8 16.7
62 .64 20.7 .210 0
160 1.64 16.0 .164 0
7030 72.2 29.5 304 0
41 .42 20.7 .210 0

Waste
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Run 3.03.00
Cycle no,

pH

TDS(z ions)
Conductivity @ 25 °C
Sitica

Caicium

Magnesium

Sodium

Potassium

Strontium
Bicarbonate
Carbonate

Hydroxide

Sulfate

Chloride
T-alkalinity as CaC03

P-alkalinity as CaCl

17
18
19
20
21
23
24
25
26
27
28

units
mg/ L
pS/cm
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/L
mg/ L

C5—-2

Fresh Regenerant Yolume Balance

Estimated
Fresh fresh Estimated
regenerant reqgenerant Service ED feed
volume (Vi) TDS volume (Vg) 08 R
Date L ma/L L mg/L X Vy/(1-R)Vs
2/23/79 385 37 030 7520 3740 91 0.58
2/24/79 385 37 030 6690 3740 91 0.65
2/24/79 385 37 030 6750 3740 91 0.64
2/25/79 85 37 030 6130 3740 91 0.71
2/25/79 660 37 030 2830 3740 91 2.59
2/28/79 660 35 150 7780 3460 91 0.99
3/1/79 660 34 820 7630 3520 91 0.97
3/1/79 660 34 820 7330 3520 91 1.01
3/2/79 660 34 790 8170 3520 91 0.91
3/2/79 660 34 7390 7520 3520 91 0.99
3/3/79 702 34 920 7030 3620 91 1.12
Influent and Effluent Compositions during Cycle 3.03.28
Rinse
Regen 1,2 Regen 1 Regen 2 Regen 3 service Rinse Service
influent effluent effluent Tnfluent Effluent influent effluent effluent
- - - 4.8 - 7.5 5.3 7.4
31 372 21 368 30 998 33873 32 536 3370 29 053 3467
- - - 44 854 - 5481 39 608 5822
8.4 8.4 7.8 8.0 7.8 10.9 7.9 11.6
880 1440 1310 128 910 167 221 14.9
652 765 763 337 459 68.5 255 4.6
9610 4980 8820 11 780 10 430 942 10 020 1168
60 24.1 40.7 98 47.2 10.0 91 13.7
17.2 21.0 21.0 1.1 16.5 2.2 4.2 <0.1
73.2 78.1 83.0 10.7 73.2 34.2 12.2 3.7
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND NO
7300 5320 7140 9040 7940 950 7520 974
12 780 8740 12 820 12 480 12 660 1196 10 930 1220
60 64 68 8.8 60 28.0 10.0 26.0
ND NO ND NO NO ND NO NO

mg/ L
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Cc5—-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 3.03.28

PROCESS THROUGHPUT (o MG TH NA
MODE STREAM Bv MEQ/L MEQ/L MEG/L MEQ/L
REGEN 1 EFFLUENT 0,00 19.96 144505 34.61 90.47
FEGEM 1 EFFLUENT 1.23 101,30 93.09 19Y4.38 251 .41
REGEN 2 EFFLUENT 2.7 96,481 82.39 179.19 331.45
REGEN 2 INFLUENT 3.12 43,61 53.06 97.57 4lRr.01
REGEN 2 EFFLUENT 10.64 H3.89 52,43 106,32 “07.57
REGEN 3 EFFLUENT 18,59 46,91 51.28 98.10 414,96
REGEN 3 IMFLUENT 19.67 6.39 27.74 34.12 0912440
REGEM 3 EFFLUENT 20.69 53,39 49,2¢ 10c.61 454 495
REGEN 3 EFFLUENT 22450 47.41 33633 80.74 467.59
REGEN 3 EFFLUENT 24,30 39,42 27 .57 66.9Y 472.34
REGEM 3 EFFLUENT 26.10 37,43 26.4¢2 t3.84 492.39
RINSE EFFLUENT 0.00 13.12 50,78 63.91 505,00
FINSE EFFLUENT ¥4 9.13 14,90 24,03 350417
SERVICE EFFLUENT leb6s 16 «33 49 60.10
SERVICE INFLUENT 4,38 8,13 5.70 13.54 40410
SERVICE EFFLUENT 28,36 ! o 24 e 35 S3.81
SERVICE INFLUENT 38.38 B.13 5.67 13.80 4.4l
SERVICE EFFLUENT 50.22 29 2.87 3.17 S1.24
SERVICE EFFLUENT 61.75 .96 6.93 7.846 47,76
SERVICE INFLUENT 73.90 Be43 S5.70 144,13 40.50
SERVICE EFFLUENT 73.90 2.20 Be4d 10.67 44,445
Service Performance Summary
CYCLE 3.03.28
AVERAGE CONCENTRATIONSy MEQ/L REMOVAL RESIN CAPACITY
INFLUENT EFFLUENT DIFFERENCE % EQ/L
o8 8.23 b TeTh 94 . D60
MG 5.69 2.65 3.04 53 « 219
TH 13.92 3.13 10479 78 « T80
NA 40,34 52.61 -12.27
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MOQE

RFGEN 1
REGEN
PHAIN |
RINSE

SERVICE

JRAIN 2

INPUT

RE HEOLEN
FR HESFY
(VENT)
FEED
FEFD

(VENT)

c6—1

Ton-Exchange - Run 3.04.00

Date:
Cycle:

Conditions:

Control variables:

Standard resin bed:

3/712/79
3.04.23

Feedwater - Wellton-Mowhawk drainage pretreated

(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Fresh regeneration conc. {(mg/L TDS)
Fresh regeneration flow rate (L/min)

Recycled regenerant volume (L)

3
5
Recycled regenerant flow rate (L/min) No
No
3

Service termination point (meq/L Ca**)

Height = 1066 mm
Volume = 97.3 L

Actual
33 490
5.4
None
None
2.4

Chemical Compositions of Tank Waters Prior to Cycle 3.04.23

pH Conductivity ~catt Mg++ TH
IEEE units uS/cm meq/L meq/L meq/L
Recycle regenerant (T-5) - 40 631 53.0 71.0 124.0
Spent regenerant (T-6) - 40 530 53.0 69.0 122.0
Lime-softened feed (T-9) 7.6 5 330 9.20 5.20 14.4
Lime softened feed (T-10) 7.5 5 394 10.0 4.40 14.4
Fresh ED brine (T-28) 6.1 44 044 7.60 30.4 38.0
IX product/ED feed (T7-33) 7.0 5 651 1.04 2.16 3.20
Cycle 3.04.23 Operating Conditions
4ED
DURATION THNUUGHPUT VOLUME  AVG PLOA QaTE  EXPANSION  TEMke<aTukE
ouTPUT MIN L BY L/MIN  ov/MInN * ¢
WASTE 10 2aly 2,07 4.0 247 56 19,9
o0 REGEN . o2 5,36 5.44  .0%4 -3.2 .l
WASTF 3 be 66 20.7 210 n
WASTE 10 150 1.5¢ 15.0 <154 0
PRODUCT 182 S47U Sb.¢ 0.1 + 309 ]
WASTE 2 41 42 20,7 o210 0
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Cc6—-2

Fresh Regenerant Volume Balance

Estimated
Fresh fresh Estimated
regenerant regenerant Service ED feed
Run 3.04.00 volume (V3) TDS volume (Vg) TDS R
Cycle no. Date L ma/t L mg/L % Vy/(Q-R)Vs

1 3/4/79 500 34 920 6290 3690 9 0.87

2 3/4/79 500 34 920 5940 3620 91 0.95

3 3/4/79 500 34 920 5420 3620 91 1.01

18 3/10/79 500 34 700 6460 3560 91 0.86

19 3/11/79 500 34 700 5390 3560 91 0.93

20 3/11/79 500 34 700 5810 3560 91 0.96

21 3/11/79 500 34 700 5580 3560 91 1.00

22 3/11/79 500 34 700 5730 3560 91 0.97

23 3/12/79 522 34 580 5470 3500 91 1.07

Influent and Effluent Compositions during Cycle 3.04.23
Rinse &
Regen 1 Regen 1 Regen 3 service Rinse Service
influent effluent Influent  Effluent influent effluent effluent

pH units - - 6.2 - 7.1 6.5 7.3
TDS (¢ iens) mg/ L 21 851 21 254 33 487 30 217 3289 24 508 3447
Conductivity @ 25 °C  ys/cm - - 44 970 - 5372 33 502 5576
Silica mg/ bk 4,2 10.2 8.4 12.0 4.7 9.0 4.8
Calcium mg/ L 2040 1620 144 1670 182 243 20.7
Magnesium mg/ L 955 809 373 721 56.3 246 41.6
Sodium mg/ L 4150 4710 11 400 8160 903 8220 1142
Potassium mg/ L 38 38 96 57 9.8 69 13.2
Strontium mg/ L 35 70 1.9 31 2.8 8.0 0.8
Bicarbonate mg/ L 93 98 31.7 98 23.4 31.7 24.4
Carbonate mg/ L ND ND ND ND NO ND NO
Hydroxide mg/ L ND ND ND ND ND ND NO
Sulfate mg/ L 5040 - 4860 9120 7540 924 6770 1004
Chloride mg/L 9500 9040 12 320 11 940 1188 8920 1200
T-alkalinity as CaCO03 mg/L 76 80 26.0 80 19.2 26.0 20.0
P-alkalinity as CaC03 mg/L ND ND ND ND NO NO ND
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C6—-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 3.04.23

PPOCESS THROUGLHPUT Ca MG TH MA
MODE STREAM Bv MEG/L MEQ/L MEQ/L MEQ/L
REGEN 1 EFFLUENT 0.0O 2Y.44 21,695 51.09 T6.56
REGEM 1 INFLUENT T4 101,89 78.60 180,40 180.51
REGEN 1 EFFLUENT 1.23 109,78 90,29 200,07 23%.36
REGEN 3 EFFLUENT 2.07 luz.3v 86,506 18b o xH 29752
REGEN 3 INFLUENT 3.19 7.19 304,70 37.4Y9 495 .17
REGEN 3 EFFLUENT 3.86 1U4,7Y 79.99 184,38 3n7.12
REGEN 3 EFFLUENT 5.20 37 .82 54,49 l4z.31 390.60
REGEN 3 EFFLUENT 6abbH 67,37 36,30 1U3.66 419,75
REGEN 3 EFFLUENT T.86 56,89 41,490 YB.2Y 349,72
RINSE EFFLUENT 0.00 18,96 31.5¢ S0 b 491 .9%
RINSE EFFLUEMT 77 5.59 7.00 le.5k 230.54
SERVICE EFFLUENT le56 23 « 35 59 S56.59
SERVICE INFLUENT 4,3¢ 9.17 4ob¢c 13,56 38,080
SERVICE EFFLUENT 22455 16 31 o4 H “2.4l
SERVICE IMFLUENT 33.36 9,33 4,67 14,01 3Ke93
SERVICE EFFLUENT 43,55 52 3.0 Jebe 4&,72
SERVICE EFFLUENT S4405 1.77 6,09 T.06 44,80
SERVICE INFLUENT 57.76 Ye23 463 13.87 39404
SERVICE EFFLUENT S7.76 2.39 6.63 9.01 43.80
Service Performance Summary
CYCLE 3.04.23
AVERAGE CONCENTRATIUNSs MEQ/L REMOVAL RESIN CLARACITY
INFLUENT EFFLUENRNT DIFFERENCE ) ga/L
CA 9.2b 55 3,64 94 «4HG
1 SIt) 4,66 2.06 2.60 56 o146
TH 13.89 299 11.30 81 «635
v A 39,12 50.91 -11.79
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MODE

REGEN 1
REGEN 2
REGEN 3
DRAIN 1
RINSE

SERVICE
DRAIN 2

Control variables:

Ion-Exchange - Run 3.05.00

Date:
Cycle:

Conditions:

3/17/79

3.05.15

Feedwater - Wellton-Mowhawk drainage pretreated
{in Train IV) with high 1ime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Fresh regeneration conc. (mg/L TDS)
Fresh regeneration flow rate (L/min)
Recycled regenerant flow rate (L/min)

Recycled regenerant volume (L)

Service termination point {meq/L Ca**)

Standard resin bed:

Chemical Compositions of Tank

Tank

Recycle regenerant (T-5)

Spent regenerant (7-6)

Lime-softened feed (T-9)

Height
Volume

1066 mm
97.3 L

Target Actual
35 000 32 840

5.5
16.0
800
3.0

5.5
15.6
800
2.8

Waters Prior to Cycle 3.05.15

Lime-softening feed (T-10) 7.5

Fresh ED brine (7-28)

IX product/ED feed (T-33)

INPUT

RE REGEN
RE REGEN
FR REGEN
(VENT)
FEED
FEED

(VENT)

pH Conductivity ca** Mg++ TH
units usS/cm meq/L meq/L  meg/L
- 38 936 53.0 71.0 124.0
- 38 832 53.0 67.0 120.0
7.3 5493 8.00 6.40 14.4
5 503 8.00 6.00 14.0
5.5 44 036 6.80 26.0 32.8
7.0 5703 0.80 2.80 3.60
Cycle 3.05.15 Operating Conditions
BED

ouTPUT

WASTE
SP REGEN
SP REGEN
WASTE
WASTE
PRODUCT

WASTE

DURATION THROUGHPUT VOLUME

MIN

10
51
87
3
10
204

L

240
800
479
62
160
6130
4]

129

2.47 24.0
8.22 15.6
4,92 5.5

.64 20.7
1.64 16.0
63.0 30.0

.42 20.7

AVG FLOW RATE
Bv L/MIN BV/MIN

.247
161
.057
210
.64
.309
.210

EXPANSION  TEMPERATURE
% c

54 18,2
34



C7-2

Fresh Regenerant Volume Balance

Estimated
regz;esh . fresh - Estimated
eran reqgeneran i f
Run 3.05.00 volume (V3)  TDS vg?E;\:\;C?vs) E$DS%d R
Cycle no. Date L mg/L L mg/L % Va/(1-R)vg
1 3/12/79 533 34 480 6040 3500
91 0.99
g g;}g;;g 55)50 34 580 6470 3500 91 0.90
: 314779 51273 34 580 1310 3500 91 4.29
& e w7 a a1 . RN 9-89
: 34 210 6280 3510 9 0.92
3/14/79 520 34 210 6700 3510 91 0.87
8 3/15/79 519 34 400 6450 3420 91 0.93
9 3/15/79 508 34 400 6830 3420 N 0.86
10 3/15/79 520 34 400 6790 3420 91 0:88
11 3/16/79 519 34 200 5610 3750 90 0.95
12 3/16/79 480 34 200 6170 3750 90 0.80
13 3/16/79 480 34 200 6000 3750 90 0.82
14 3/17/79 480 33 800 6050 3540 N 0.86
15 3/17/79 479 33 800 6130 3540 91 0.85
Influent and Effluent Compositions during Cycle 3.05.15
Rinse
Regen 1,2 Regen 1  Regen 2 Regen 3 service Rinse Service
influent effluent effluent Tnfluent Effluent influent effluent effluent
pH units - - - 5.6 - 7.3 6.2 7.3
T0S mg/ L 28 115 19 719 28 616 32 835 31 274 3303 27 351 3435
Conductivity @ 25 °C uS/cm - - - 43 830 - 5284 37 034 5588
Silica mg/ L 8.4 8.2 7.6 6.2 6.6 8.6 6.5 8.7
Calcium mg/ L 1010 1400 1410 134 1230 157 288 19.4
Magnesium mg/ L 835 782 923 328 666 69.5 261 43.8
Sodium mg/ L 8120 4580 7520 11 300 9360 956 9510 1182
Potassium mg/ L 57 38 57 122 63 9.3 94 13.6
Strontium mg/ L 30 31 34 2.4 32 3.2 6.9 1.1
Bicarbonate mg/ L 83.0 87.8 73.2 18.5 83.0 24.4 21.0 23.4
Carbonate mg/ L ND ND ND ND ND ND ND ND
Hydroxide mg/ L ND ND ND ND ND ND ND ND
Sulfate mg/ L 5740 4240 5740 8920 7740 894 7070 954
Chloride mg/ L 12 240 8560 12 200 12 010 12 100 1190 10 100 1198
T-alkalinity as CaC03s mg/L 68 72 60 15.2 68 20.0 17.2 19.2
P-alkalinity as CaCO3 mg/L ND NO ND ND ND ND ND ND
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C7-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

Mode

Regen
Regen
Regen
Regen
Regen
Regen
Regen
Regen
Regen
Regen
Regen
Rinse
Rinse
Service
Service
Service
Service
Service
Service
Service
Service
Service

W W W W WWMN NN M=

Ca

Th
Na

Process
Stream

Effluent
Effluent
Effluent
Influent
Effiuent
Effluent
Influent
Effiuent
Effluent
Effluent
Effluent
Effluent
Effluent
Effluent
Influent
Effluent
Effluent
Effluent
Effluent
Effluent
Influent
Effluent

Average Concentrations, Meq/L

Influent

7.95
5.79
13.74
41.22

CYCLE 3.05.15

Throughput
BV

Ca
Meq/L

N~
e
0]

Service Performance Summary

CYCLE 3.05.15

Effluent Difference

.70 7.25
2.66 3.13
3.36 10.37

52.16 -10.93
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Removal
%

91
54
76

Th Na
Mea/L Meq/L
47.12 75.34

173.21 226.19
179.57 286.65
119.12 353.20
137.64 335.36
126.61 347.98
33.68 491.52
146.23 381.47
116.32 427.58
94.51 442,37
100.93 432.36
46.27 487.60
25.43 343.19
.71 60.03
13.82 41.45
.54 54.15
13.60 41.32

2.16 52.37

5.39 48.98

8.38 46.41
13.79 40.89
10.40 44,58

Resin Capacity
Eq/L

.457
.197
.654
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FIGURE A- a

MAJOR CATION CONCENTRATIONS
OF IX REGENERARTION EFFLUENT

CYCLE 3.05.15
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o
A Total hardness
< Sodium
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Cc8-—1

Ion-Exchange - Run 3.06.13

Date: 3/21/79
Cycle: 3.06.13
Conditions: Feedwater - Wellton-Mowhawk drainage pretreated

(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

T
Control variables: Fresh regeneration conc. {mg/L TDS) 3
Fresh regeneration flow rate (L/min) 5.5
Recycled regenerant flow rate {L/min) 2
Recycled regenerant volume (L) 1

3

Service termination point (meq/L Ca**)

pH Conductivity ~Ca*t  Mg't  TH
Tank units uS/cm meq/L meq/L  meq/L
Recycle regenerant (T-5) - 37 322 © 50.0 58.0 108.0
Spent regenerant (T-6) - 38 878 53.0 69.0 122.0
Lime-softened feed (T-9) 7.2 5 357 8.40 5.60 14.0
Lime softened feed (T-10) 7.2 5 399 9.20 4.80 14.0
Fresh ED brine (T7-28) 4.1 44 362 8.40 28.0 36.4
IX product/ED feed (7-33) 6.8 5 608 0.72 2.28 3.00
Cycle 3.06.13 Operating Conditions
BED
DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPANSION TEMPERATURE
MODE INPUT ouUTPUT MIN L BV L/MIN BV/MIN % C
REGEN 1 RE REGEN WASTE 10 240 2.47 24.0 .247 57 18.2
REGEN 2 RE REGEN SP REGEN 68 1600 16.4 23.7 .242 59
REGEN 3 FR REGEN SP REGEN 109 601 6.18 5.52 .057 8.2 18.8
DRAIN 1 (VENT) WASTE 3 62 .64 20.7 .210 0
RINSE FEED WASTE 10 160 1.64 16.0 .164 0
SERVICE FEED PRODUCT 246 7310 75.1 29.7 .305 0
DRAIN 2 (VENT) WASTE 2 LA .42 20.7 .210 0

Standard resin bed:

Chemical Compositions of Tank Waters Prior to Cycle 3.06.13

Height
Volume

1066 mm
97.31L
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Fresh Regenerant Volume Balance

Estimated
Fresh fresh Estimated
regenerant. regenerant Service ED feed
Run 3.06.00 volume (V3) TDS volume (Vg) DS R
Cycle no. Date L mg/L L mq/L 2 V3/(0-R)Ve

1 3/17/79 480 33 800 6280 3540 N 0.83
2 3/17/79 480 33 800 6110 3540 91 0.85
3 3/18/79 480 33 800 6290 3540 91 0.83
8 3/18/79 600 33 300 6950 3520 9N 0.93
9 3/19/79 600 33 300 6830 3520 91 0.94
10 3/20/79 600 33 850 7050 3500 91 0.93
1 3/20/79 600 33 3850 7410 3500 91 0.89
12 3/21/79 600 32 950 6670 3480 91 0.98
13 3/21/79 601 32 950 7310 3480 91 0.89

Influent and Effluent Compositions during Cycle 3.06.13

Regen 1,2 Regen 1 Regen 2 Regen 3 .E:jﬁce Rinse Service

influent effluent effluent Influent Effluent influent effluent effluent
pH units - - - 4.1 - 7.1 4.2 6.9
TS (z ions) mg/ L 28 264 20 485 28 482 33 251 31 777 3272 27 7182 3394
Conductivity @ 25 °C  ys/cm - - - 44 299 - 5398 37 986 5626
Silica mg/ L 8.8 7.6 7.8 7.3 7.2 7.2 7.1 7.5
Calcium mg/ L 1030 1590 1450 170 1230 172 265 23.9
Magnesium mg/ L 849 785 919 377 652 72.0 279 53.0
Sodium mg/ L 8110 4790 7680 11 800 9540 921 9790 1152
Potassium mg/ L 51 32 47 107 55 8.5 87 12.9
Strontium mg/ L 26 27 28 2.7 27 2.6 6.2 0.5
Bicarbonate mg/ L 97.6 61.0 78.1 3.9 73.2 22.0 4.9 22.0
Carbonate mg/ L ND ND ND ND ND ND ND ND
Hydroxide mg/ L ND ND ND ND ND ND ND NO
Sulfate mg/ L 5700 4200 5360 8590 7700 860 6900 920
Chloride mg/ L 12 400 9000 12 320 12 200 12 500 1214 10 450 1210
T-alkalinity as CaC03 mg/L 80.0 50.0 64.0 3.2 60.0 18.0 4.0 18.0
P-alkalinity as CaC03 mg/( ND ND ND ND ND ND ND ND
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Major Cation Concentrations of Samples Analyzed by Atomic Absorntion

Mode

Regen
Regen
Regen
Regen
Regen
Regen
Regen
Regen
Regen
Regen
Regen
Rinse
Rinse
Service
Service
Service
Service
Service
Service
Service
Service
Service

WWWww WM NN

Ca

Th
Na

Process Thro
Stream

Effluent 0
Effluent 1.
Effluent 2
Influent 5.
Effluent 10.
Effiuent 19.
Influent 19.
Effluent 20.
Effluent 22.
Effluent 23.
Effluent 25.
Effluent 0.
Effluent

Effluent 1.
Influent 4.
Effluent 23.
Effluent 34.
Effluent 45,
Effluent 56.
Effluent 66.
Influent 74.
Effluent 76.

CYCLE 3.06.13

ughput
BY

Ca
Meq/L

38.42
95.81
94.31
51.40
60.38
53.89

8.48
69.36
63.87
55.89
53.39
16.17

9.83

8.28

w 00N
U1
[00]

o~ OITrRO O
Vo]
D

Service Performance Summary

CYCLE 3.06.13

Average Concentrations, Meq/L
Difference

Influent Effiuent

8.40 .82
5.88 3.93
14.28 4.75
40.37 50.21

7.58
1.94
9.53
-9.84
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Removal
%

90
33
67

Th Na
Meq/L Meqg/L
64.93 105.26

176.06 227.49
177.36 302.31
121.27 352.76
131.49 348.41
123.77 350.59
39.51 513.27
141.46 401.04
110.54 434.54
91.20 466.72
93.80 429.75
46.95 501.96
23.16 349.72
.60 58.55
14.14 41.06

3.02 52.59
14.21 40.15

3.04 50.59

6.92 46.85

9.76 43.28
14.48 39.89
11.65 42.32

Resin Capacity
Eq/L

.570
. 146
716
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OF IX REGENERATION EFFLUENT
CYCLE 3.06.13
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A Total hardness
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concentrations, meq/L
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Mode

Regen 1
Regen 3
Drain L
Rinse

Service

Dratn 2

Input

Re Regen
FR Regen
(Vent)
Feed
Feed

{Vent)

Conditijons:

C9—1

Ion-Exchange - Run 3.07.00

Date:

Cycle:

Control variables:

Standard resin bed:

Chemical Compositions

3/22/79
3.07.04

- Feedwater - Wellton-Mowhawk drainage pretreated

(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Fresh regeneration conc. {mg/L TDS)
Fresh regeneration flow rate (L/min)
Recycled regenerant flow rate (L/min}
Recycled regenerant volume (L)

Service termination point {meq/L ca**)

1066 mm

Height
97.3 L

Volume

nu

Target  Actual
35 500 327310

5.5
None
None
3.0

5.4
None
None
3.1

of Tank Waters Prior to Cycle 3.07.04

pH Conductivity catt Mg++ TH
Tank units uS/cm meq/L meq/L  meg/L
Recycle regenerant (T-5) - 38 550 51.0 71.0 122.0
Spent regenerant (7-6) - 38 170 92.0 108.0 200.0
Lime-softened feed (T-9) 7.2 5 408 8.40 6.00 14.4
Lime-softened feed (T-10) 7.3 5 449 8.40 5.80 14.2
Fresh ED brine (T-28) 4.2 43 847 8.00 28.0 36.0
IX product/ED feed (T-33) 6.8 5 676 0.88 3.02 3.90
Cycle 3.07.04 Operating Conditions
Bed
Duration Throughput Volume Avg. Flow Rate Expansion Temperature
Output Min L BV L/Min  BV/Min % C
Waste 10 240 2.47 24.0 .247 55 17.5
SP Regen 93 502 5.16 5.42 .056 ‘ 6.9 18.9
Waste 3 62 .64 20.7 .210 0
Waste 10 150 1.54 15.0 .154 0
Product 189 5700 58,58 30.2 .310 0
Waste 2 4] .42 20.7 .210 0
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pH

T0S (I ions)
Conductivity @ 25 oC
Silica
Calcium
Magnesium
Sodium
Potassium
Strontium
Bicarbonate
Carbonate
Hydroxide
Sulfate

Chlgride

Cc9--2

Fresh Regenerant Volume Balance

Fresh
regenerant
Run 3.07.00 volume (V3)
Cycle no. Date L
i 3/21/79 500
2 3/21/79 503
3 3/22/78 501
4 3/22/79 502

Estimated
fresh
regenerant
TDS

mg/L

32 950
32 950
33 770
33 770

Estimated
Service ED feed
volume (Vg) TDS
L mg/L
574Q 3480
5660 3480
5450 3520
5700 3520

R

%

o

9
91
91
9N

0.95
0.97
1.0
0.97

Influent and Effluent Compositions during Cycle 3.07.04

units
ma/ L
ps/cm
mg/ L
mg/ L
mg/ L
mg/ L
ma/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L

T-alkalinity as CaC03 pg/L

p-atkalinity as CaCO3 mg/L

Regen 1 Regen 1
influent _effluent
28 469 20 745
8.2 10.4
1130 1530

870 849
8120 4590

50 36
28 27
10.7 73.2
ND ND
ND HD
5900 4680
12 360 8960
8.8 60.0
ND ND

Regen 3

Influent Effluent
4.2 -

32 906 29 646
43 869 -

6.6 8.2
171 1750
385 781

11 570 8170
119 54

3.3 33

7.3 97.6
ND ND

ND ND
8600 6700
12 050 11 300
6.0 80.0
ND ND

138

Va/(1-R)Yg

Rinse &
service Rinse Service
influent effluent effluent
- 4.5 7.3
- 28 235 3492
- 37 586 5715
- 7.3 7.8
197 356 27.3
74.2 333 54.3
940 9790 1167
- 81 13.9
- 7.6 0.6
- 7.3 24.4
- ND ND
- ND ND
- 7510 950
- 10 050 1254
- 6.0 20.0
- HD ND



Mode

Regen
Regen
Regen
Regen
Regen
Regen
Regen
Regen
Regen
Rinse
Rinse
Service
Service
Service
Service
Service
Service
Service

Wwwbwww —=——

Ca

Th
Na

c9-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

Process
Stream

Effluent
Influent
Effluent
Effluent
Influent
Effluent
Effluent
Effluent
Effluent
Effluent
Effluent
Effluent
Influent
Effluent
Effluent
Effluent
Influent
Effluent

CYCLE 3.07.04

Throughput

o

O~NO O WWN —

BY

.00
.73
.22
.44
.16
.83
.22

Ca

Meq/L

36
56

117

65

w 0o M

.93
.39
98.
102.
8.

80
30
53

.76
92.
73.
.87
19.
16.
.32
9.
.27
.91
.17
.63
.14

81
85

61
92

08

Mg
Meq/L

28.89
71.60
88.97
89.88
31.69
92.67
55.31
38.77
45.68
33.00
21.73

6.12

OO~ O
o
03]

Service Performance Summary

CYCLE 3.07.04

Average Concentrations Meg/L

Influent

8.86
6.10
14.96
40.91

Effluent

1.02
3.65
4.67
52.08

7.84
2.45
10.29
-11.17

Difference

139

Removal
%

88
40
69

Th
Meq/L

65.82
127.99
187.77
192.17

210.44
148.12
112.62
111.55
52.61
38.64

15.21

14.72
11.25

Na

Meq/L

103.
353.
235.
280.
503.
338.
411.
434.
365.
491.
378.
60.
a1.
55.
49.
45.
40.
43.

Resin Capacity

Eq/L

.459
.144
.603
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FIGURE a- a

MAJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT
CYCLE 3.07.04
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FIGURE a- b

MRJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS

CYCLE 3.07.1
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O 379 © Magnesium
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MOUE

BW
DRAIN ]
REGEN
DRAIN ]
RINSE
SErVICE

DRALIN 2

eyt

FEEU
(VENT)
FR REGEN
(VENT)
FeeD
FEED

(VEHTY

C10-1

Ion-Exchange - Run 3.07.048

Date: 3/23/79
Cycle: 3.07.048
Conditions:

Feedwater - Wellton-Mowhawk drainage pretreated

(in Train IV) with high lime dosage for silica removal

Regenerant

- Fresh ED brine

Backwash - Feedwater

Control variables:

Standard resin bed:

- Fresh regeneration conc. (mg/L TDS)
Fresh regeneration flow rate (L/min)

Recycled regenerant volume (L)

3
5
Recycled regenerant flow rate (L/min) N
N
3

Service termination point (meq/L Cat*)

Height =
Volume =

1066 mm
97.3 L

et Actual
000 34 330
5.5
e None
e None
3.7

Chemical Compositions of Tank Waters Prior to Cycle 3.07.048B

Tank

Lime-softened feed (7-9)

Lime-softened feed (T-10)

Fresh ED brine (7-28)

1X product/ED feed (T-33)

++

+

pH Conductivity Ca Mg+ TH
units usS/cm meq/L meg/L.  mea/L
7.3 5577 9.00 5.40 14.4
7.4 5 610 8.80 5.60 14.4
4.6 44 286 7.60 27.2 34.8
7.2 5 782 0.88 3.32 4.20
Cycle 3.07.04B Operating Conditions
BEU
DURATIUN THRUUGHRUT VOLUME AVG FLOW RATE EXPANSTION TEMPERATURE
QUTPUT 1IN L gV L/MIN  BV/MIN % C
wASTE 10 240 2e47 2440 o247 44 23.U
WASTE 3 74 -2 20.7 «210 0
WASTE 91 501 5.15 5.49 056 4.5 215
WASTE 3 Y4 - 2u.7 210 0
wASTE 10 170 1.75 17.0 «175 (1]
PRODUCT 180 S4ael 5549 30.2 «311 0
wWASTE 2 4l Jhe ¢0.47 210 0
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pH

TDS {z ions)
Conductivity @ 25 0C
Silica

Calcium

Magnesium

Sodium

Potassium

Strontium
Bicarbonate
Carbonate

Hydroxide

Sulfate

Chloride
T-alkalinity as CaC03

p-alkalinity as CaCO;

Run 3.07.008

Fresh Regenerant Volume Balance

Cycle no. Date

W R -

3/22/79
3/23/79
3/23/79
3/23/79

C10—2

Estimated

Fresh fresh Estimated

regenerant reqenerant Service ED feed

volume (V3) TDS volume (Vg) DS R
L mg/L L mg/L % V3/(1-R)Ys
499 33 770 5490 3520 91 1.00
499 34 150 5360 3580 91 1.01
495 34 150 5310 3580 9 1.01
501 34 150 5440 3580 9 1.00

Influent and Effluent Compositions during Cycle 3.07.04B

units
mg/ L
uS/cm
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L
mg/ L

Backwash
effluent

3764

1500
60.0
ND

Receneration
Influent Effluent
4.7 -
34 329 27 338
44 886 -
7.2 6.8
172 1880
378 641
12 140 7240
121 47
2.9 32
14.6 97.6
ND ND
ND ND
8500 6900
13 000 10 500
12.0 80.0
ND ND

142

chkwash,

rinse, &

service Rinse Service

influent effluent effluent
7.3 5.2 7.4
3378 28 588 3464
5347 38 881 5525
6.1 7.2 6.3
190 344 28.4
68.0 328 54,1
950 10 000 1182
8.9 96 14.6
2.9 6.5 0.8
24.4 13.2 24.4
ND NO ND
ND ND ND
904 6950 924
1230 10 850 1236
20.0 10.8 20.0
ND ND ND



C10-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 3.07.04B

PROCESS THROQUGHPUT ca MG TH NA
MODE STREAM BV MEG/L MEQ/L MEQ/L MEQ/L
BW EFFLUENT 0.00 10,23 7,03 17.c6 46,63
BY EFFLUENT 1.23 853 b.36 164.90 444,32
REGEN CFFLUENT 2447 8,08 6064 14,12 43,15
REGEDM INFLUENT 3,20 H45H 31.11 39.69 528.04
REGEN EFFLUENT 3.93 172.65 114,49 287,14 295,35
REGEN EFFLUENT $5.29 1cl,.76 56495 178.71 38B8.43
REGEN EFFLUENT beb4 YU .32 38.44 128.76 440,19
REGEN EFFLUENT 7.60 To.85 38,85 115,69 421,49
RINSE EFFLUENT 0.00 19,46 34440 56,26 519,79
RINSE EFFLUENT o857 15.0¢ 19.42 34 .44 37G.60
SERVICE EFFLUENT 1.75 31 b2 o713 56,55
SERVICE INFLUENT 4 8% Y.08 570 15,38 42,28
SERVICE EFFLUENT 20,38 29 35 e b0 54441
SERVICE INFLUENT 29,70 9.68 S.60 15,25 41,32
SERVICE EFFLUENT 39,02 $53 2,93 3.46 52.02
SERVICE EFFLUENT 49,27 1.53 6430 Tet4 49,15
SERVICE INFLUENT 57 .66 9.54 560 15.19 42,28
SERVICF EFFLUENT 57.66 3,74 769 11,43 45,67
Service Performance Summary
CYCLE 3.07.04B
AVERAGE COMCENTRATIONSs MEQG/L KEMOVAL RESIN CAPACITY
INFLUENT EFFLUENT DIFFERENCE % EQ/L
CA 9,65 .31 Ba84 92 c494
MG 5.64 2e57 3.00 54 «171
TH 15.28 3.34 11.90 73 665
MA 41.96 S53.12 -1l.16
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FIGURE a- a

MAJOR CATICON CONCENTRATIONS
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FIGURE a- b
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CYCLE 3.07.04B
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MODE

REGEN 1
REGEN 2
REGEN 3
DRAIN |
RINSE

SERVICE
DRAIN 2

Control Variables:

c1

—1

Ion-Exchange - Run 3.08.00

Date: 5/2/79

Cycle: 3.08.77

Conditions: Feedwater - Wellton-Mowhawk drainage pretreated
(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Target Actuai

Fresh regeneration conc. (mg/L TDS) 50 000 S1 340

Fresh regeneration flow rate (L/min) 3.0 3.2

Recycled regenerant flow rate (L/min) 16.0 16.2

Recycled regenerant volume (L) 800 800

Service termination point (meq/L Ca*‘) 1.5 1.2
Standard resin bed: Height = 1081 mm

Volume = 98.7

INPUT

RE REGEN
RE REGEN
FR REGCEN
(VENID)
FEED
FEED
(VEND)

Chemical Compositions

Tank
Recycle regencrant {T7-5)
Spent regenerant (T-6)
Lime-softened feed (T-9)

Lime-softened feed (T-10)

Fresh ED brine (7-28)
IX product/ED feed (T-33)

of Tank Waters Prior to Cycle 3.08.77

++ ++

Cycle 3.08.77 Operating Conditions

OUTPUT MIN

WASTE 10
SP REGEN 49
SP REGEN B6

240
800
2170
62
160
4710

pH Conductivity “Ca Mg TR
units uS/cm meq/L meg/L  meq/L
- 50 367 74.0 126.0  200.0
- 50 201 107.0 143.0  256.0
7.3 5218 8.40 5.60 14.0
7.3 5 281 8.80 5.20 14.0
4.1 62 040 6.40 37.6 44.0
7.0 5 978 0.40 2.00 2.40
BED
DURATION THROUGHPUT VOLUME  AVG FLOW RATE EXPANSION TEMPERATURE
L BV L/MIN BV/MIN %
2.43 24.0 .243 59. 20.5
8.11 16.2 . 164 36.
2.74 3.16 .032 6.8 22.0
WASTE 3 <63 20.7 . 209 0.0
WASTE 10 1.62 16.0 162 0.0
PRODUCT 158 47.7 29.8 . 302 0.0
WASTE 2 .42 20.5 .208 0.0

41
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c11-2

Fresh Regenerant Volume Balance

Estimated
Frech fresh Estimated
regenerant regenerant Service ED feed
Run 3.08.00 volume (V3) TDS volume (Vg) 105 R
Cycle no. Date L ma/L L mg/L % Vs/(1-R)Ys
32 4/8/79 581 52 400 9480 3340 94 1.12
33 4;8;79 271 52 400 8280 3340 94 0.60
34 4/8/79 273 52 400 7620 3340 94 0.65
35 4/9/79 2N 52 600 8130 3770 94 0.53
36 4/5/79 273 52 600 7840 3770 94 0.62
37 4/13/79 273 52 290 6380 3430 94 0.63
38 4/16/79 273 52 290 7450 3430 94 0.64
39 4/17/79 272 51 900 460 3450 94 10.38
52 4720/79 1440 51 650 10 020 3440 94 2.48
53 4/21/79 272 51 650 7780 3440 94 0.60
54 4/21/79 386 51 650 7720 3440 94 0.86
55 4/21/79 2n 51 650 7520 3440 94 0.62
56 4/22/79 270 51 650 7080 3440 94 0.66
57 4/23/79 2n 51 450 7010 35380 94 0.67
58 4/23/79 270 51 450 7130 35%0 94 0.62
59 4/25/79 273 51 420 6410 3340 94 0.76
60 4/25/79 272 51 420 5980 3340 94 0.81
61 4/26/79 271 51 500 6010 3690 94 0.72
62 4/26/79 2N 51 500 6070 3690 94 0.71
63 4/27/79 270 51 760 5790 3640 94 0.75
64 4/28/79 270 51 760 5610 3640 94 0.78
65 4/28/79 270 51 760 5770 3640 94 0.75
66 4/28/79 270 51 760 5510 3640 94 0.79
67 4/29/79 270 51 760 5730 © 3640 94 0.76
63 4/29/79 270 51 760 5500 3640 94 0.79
69 4/29/79 270 51 760 5330 3640 94 0.82
70 4/29/79 270 51 760 5280 3640 94 0.83
Al 4/30/79 269 50 850 5350 3590 94 0.81
72 4/30/79 270 50 850 5260 3590 94 0.83
73 4/30/79 270 50 850 5220 3590 94 0.83
74 5/1/79 271 51 250 5170 3560 94 0.86
75 5/1/79 270 51 250 5180 3560 94 0.85
76 5/1/79 270 51 250 5040 3560 94 0.88
77 5/2/79 270 52 050 4710 3710 94 0.91
Influent and Effluent Compositions during Cycle 3.08.77
Rinse
Regen 1,2 Regen 1 Regen 2 WTigEE?lT—— service Rinse Service
influent effluent effluent nfluent fluent Infiuent effiuent effluent
pH units - - - 4.2 - 7.2 4.5 7.0
Tos (z dons) mg/ L 35822 25846 35 575 51338 40 469 3329 4603 An3
Conductivity @ 25 °C y5/em - - - 61 732 - 5272 51916 7064
sttica ma/ L 7.0 15.4 14.6 4.5 9.4 3.1 3.6 5.6
Calcium mo/L 1370 1850 1790 114 1600 166 477 26.5
Magnesium mg/L 1498 1289 1577 332 1450 64.9 364 3.2
Sodium mg/L 9740 5890 9230 18 060 11 100 939 14 140 1595
Potassium mg/ L 68 43 64 149 2 8.9 11 4.4
Strontium mg/ L 4 1.0 46.0 25 ‘Y410 1.0 14.9 1.2
Bicarbonate mg/ L 83.0 13.0 88.0 ND 198.0 19.5 15.6 19.5
Carbonate mg/ L KD NO ND NO ND ND ND ND
Hydroxide mg/L KD D ND ND ND D N, X0
Sulfate mg/L 4500 3700 4400 15 000 8460 930 11500 1824
Chloride ag/L 18 520 14 580 18 380 17 680 17 640 1198 14980 1198
T-alkalinity as CaC0y mg/) 68.0 5.0 7.2 ND 8.0 16.0 12.8 16.0
P-alkalinity as CaCOy wg/L NO X0 %0 ) no ) ) [
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C11-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 3.08.77

PROCESS THROUGHPUT CA MG
MODE STREAM BV MEQ/L MEQ/L
REGEN 1 EFFLUENT 0.00 39.92 32.35
REGEN 1 EFFLUENT 1.21 124.75 150.95
REGEN 2 EFFLUENT 2.41 109.78 143.95
REGEN 2 INFLUENT 4.71 68.36 123.29
REGEN 2 EFFLUENT 6.51 81.84 127.08
REGEN 3 EFFLUENT 10.45 74.35 123,21
REGEN 3 INFLUENT 10.74 5.69 27.33
REGEN 3 EFFLUENT 11.06 96.81 152.59
REGEI 3 EFFLUENT 11.70 B3.83 119,92
REGEN 3 EFFLUENT 13.20 62.33 79.09
RINSE EFFLUENT 0. 00 24.90 30.45
RINSE EFFLUENT .81 22.175 30.04
SERVICE EFFLUENT 1.62 .34 3.00
SERVICE INFLUENT 4,34 8.18 5.36
SERVICE EFFLUENT 14.31 L7 .20
SERVICE INFLUENT 24.27 8.13 5.32
SERVICE EFFLUENT 26,99 .18 .40
SERVICE EFFLUENT 39.68 .45 2.58
SERVICE EFFLUENT 46,32 .88 4.83
SERVICE EFFLUENT 49.34 1.19 5.68
Service Performance Summary
CYCLE 3.08.77
AVERAGE CONCENTRATIONS, MEQ/L REMOVAL
INFLUENT EFFLUENT DI FFERENCE %

CA 8.16 1.02 7.14 87

MG 5.34 1.75 3.59 67

TH 13.50 2.77 10.73 19

147

TH
MEQ/L

72.27
275.70
253.73
191.66
208.91
197.56

33.01
249.40
203. /5
141.47

55.35

52.80

8.34
13.54
237
13.45
.53

3.03
5'7'

6.87

NA
MEQ/L

109. 61
303.18
363.64
423.66
414,09
421.92
785.56
488.04
552.41
507.461
692.04
519.36
155.72
40.06
52.33
39.15
51.94
48.76
46.45

45.54

RESIN CAPACITY

EQ/L

«341

71
512
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FIGURE a-

MRJOR CHATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT
CYCLE 3.08.77
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FIGURE a- b

MRJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS
CYCLE 3.08.77
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CONCENTRATIONS ARE MEASURED BY ATOMIC ABSORPTION.
(TH) IS CALCULATED BY SUMMING THE CALCIUM AND MAGNESTIUM CONCENTRATIONS.

v—LLD



MODE

REGEN 1
REGEN

w N

REGEN
DRAIN 1
RINSE

SERVICE

DRAIN 2

INPUT

RE REGEN
RE REGEN
FR REGEN
(VENT)
FEED
FEED

(VENT)

C12—1

Ton-Exchange - Run 3.09,00

Date:

Cycle:

Conditions:

Control Variables:

5/4/79
3.09.10

Feedwater - Wellton-Mowhawk drainage pretreated
{in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Fresh regeneration conc. (mg/L TDS)
Fresh regeneration flow rate (L/min) 8.0
Recycled regenerant flow rate (L/min)

Recycled regenerant volume (L)

Service termination point (meq/L Ca**) 1

Chemical Compositions

Tank

Recycle regencrant (T-5)

Spent regenerant (T-6)

Lime-softened feed (T-9)

Lime softened feed {T-10)

Fresh ED brine (T7-28)

IX product/ED feed (T-33)

OUTPUT

WASTE

SP REGEN
SP REGEN
HASTE
HASTE
PRODUCT

WASTE

Cycle 3.09.10 Operating Conditions

DURATION THROUGHPUT VOLUME
L

Target  Actual
50 000 51 960

16.0
00
.5

8.0

16.5
800

1.7

of Tank Waters Prior to Cycle 3.09.10

pH Conductivity ~Ca*t  Mg't  TH
units uS/cm meq/L meq/L  meq/L
- 49 935 78.0 116.0 194.0
- 49 504 110.90 98.0 208.0
7.3 5 180 9.20 6.40 15.6
7.3 5179 9.20 6.40 15.6
4.4 62 327 6.80 39.2 46.0
7.1 5 460 0.48 1.84 2.32
BED

MIN BV
10 240 2,43
49 800 8. 11
34 272 2.75
3 62 .63
10 150 1.52

171 5140 52. 1
2 41 .42

149

AVG FLOW RATE
BV/MIN

L/MIN

24.0
16.5
8.02
20.7
15.0
30. 1

20.5

243
167
.081
. 209
. 152
. 305

.208

EXPANSION TEMPERATURE
% C

50. 26.0
32.
16. 27.0
0.0
0.0
0.0

0.0



C12--2

Fresh Regenerant Volume Balance

Estimated
Fresh fresh Estimated
regenerant regenerant Service ED feed
Run 3.09.00 volume (Vi) TDS volume (Vg) DS R
Cycle no.  Date L ma/L. L mg/L X Va/(1-R)Vg
5 5/3/79 268 52 450 5260 3450 94 0.89
6 5/3/79 269 52 450 5130 3450 94 0.92
7 5/4/79 270 52 560 5220 3380 94 0.92
8 5/4/79 270 52 560 5120 3380 94 0.94
9 5/4/79 2N 52 560 5030 3380 94 0.96
10 5/4/79 272 52 560 5140 3380 94 0.94

Influent and Effluent Compositions during Cycle 3.09.10

Rinse
R?%i?uéai 2???3eét Zi??geit Influeﬁigegf?luent i§$;;;ﬁi ei}?iznt e???léﬁi

pH units - - - 4.4 - 7.2 5.2 7.1
108 (z fons) mg/ L 35 696 25071 34 632 51 958 41 951 3199 40 759 3555
Conductivity @ 25 °C yS/cm - - - 61 596 - 5223 51 178 5746
Silica mg/ L 4.8 4.6 4.8 4.0 4.6 3.9 4.0 4.0
Calcium mg/ L 1510 2050 1960 133 1850 189 600 13.4
Magnesium mg/ L 1563 1161 1570 370 1456 53.0 435 27.5
Sodium mg/ L 9490 5530 8700 18 120 11 340 877 13 180 1211
Potassium mg/ L 74 48 70 149 85 9.3 110 12.6
Strontium mg/ L 36 34 39 2.1 42 2.5 14.0 0.2
Bicarbonate mg/ L 83.0 87.8 73.2 4.9 78.1 22.0 19.5 20.5
Carbonate mg/ L ND NO ND ND ND ND NO ND

Hydroxide mg/ L ND ND ND ND ND ND ND ND

Sulfate mg/ L 4300 3240 4120 15 000 9000 920 11 900 1120
Chloride mg/ L 18 540 12 920 18 100 18 160 18 100 1126 14 500 1150
T-alkalinity as CaC01 mg/L 68.0 72.0 60.0 4.0 64.0 18.0 16.0 16.8
P-alkalinity as CaC03 mg/( ND ND ND ND ND ND ND ND
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C12—-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 3.09.10

PROCESS THROUGHPUT  CA MG
MODE STREAM BV MEQ/L MEQ/L
REGEN 1 EFFLUENT 0.00 43.91 30.78
REGEN | EFFLUENT 1.22 137.23 128.81
REGEN 2 EFFLUENT 2.43 128.24 133.83
REGEN 2 INFLUENT 5.11 75.35 128.64
REGEN 2 EFFLUENT 6.94 89.82 128.23
REGEM 3 EFFLUENT 10.62 81.34 127.08
REGEN 3 INFLUENT 10. 86 6.64 30.45
REGEN 3 EFFLUENT 11.11 104.79 157.20
REGEN 3 EFFLUENT 11.59 102.30 131.28
REGEN 3 EFFLUENT 12.89 86.33 107.90
REGEN 3 EFFLUENT 13.38 88.32 72.35
RINSE EFFLUENT 0.00 32.44 43.05
RINSE EFFLUENT .76 23.90 29.30
SERVICE EFFLUENT 152 .48 .62
SERVICE INFLUENT 4.26 9.93 4,31
SERVICE EFFLUENT 14.31 .18 . 22
SERVICE INFLUENT 25.58 9.18 4,22
SERVICE EFFLUENT 27.10 .19 29
SERVICE EFFLUENT 39.89 .38 1.76
SERVICE EFFLUENT 46.29 .78 3.94
SERVICE INFLUENT 53.60 9.13 4.26
SERVICE EFFLUENT 53. 60 1.65 5.88

Service Performance Summary
CYCLE 3.09.70
AVERAGE CONCENTRATIONS, MEQ/L REMOVAL
INFLUENT EFFLUENT DI FFERENCE %

CA 9,41 .44 8.97 95

MG 4,27 .46 2.381 66

TH 13.68 1.90 11.78 86

NA 37.35 51.18 ~13.83

151

TH NA
MEQ/L MEQ/L
74.69 103.52
266.03 302.31
262.07 359.29
203.99 412.79
218.05 403.65
208.42 404.09
37.09 788.17
261.99 436.28
233.57 537.19
194.23 555.02
160.67 563.29
75.48 678.99
53.20 485.86

1.10 72.60
14.24 37.84

/.40 49.59
13.40 37.10

.48 50.02

2.15 47.50

4.73 45.72
13.40 37.10

7.53 43.24
RESIN CAPACITY

EQ/L
.467
. 146
.614
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FIGURE A- a

MAJOR CATION CONCENTRATIONS
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MAJOR CATION CONCENTRATIONS OF
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SODIUM (NR), CALCIUM (CA), AND MAGNESIUM (MG) CONCENTRATIONS ARE MEASURED BY ATOMIC RBSORPTION,
TOTAL HARDNESS (TH) IS CALCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRATIONS.
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MODE

REGEN 1
REGEN 2
REGEN 2]
DRAIN |
RINSE

SERVICE

DRAIN 2

INPUT

Ré REGEN
RE REGEN
FR REGEN
(VENT)
FEED
FEED

(VENT)

C13—1

Ion-Exchange - Run 3.10.00

Date: 5/9/79

Cycle:  3.10.15

Conditions:

Feedwater - Wellton-Mowhawk drainage pretreated

(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Control variables:

Target  Actual
Fresh regeneration conc. (mg/L TDS) 50 000 50 320
Fresh regeneration flow rate (L/min) 5.5 5.6
Recycled regenerant flow rate (L/min) 16.0 16.6
Recycled regenerant volume (L) 1600 1600
Service termination point (meq/L Ca**) 1.5 1.5

Standard resin bed:

Chemical Compositions

Tank

Height
Volume

1081 mm
98.7 L

of Tank Waters Prior to Cycle 3.10.15

Recycle regenerant (T-5)

Spent regenerant (T7-6)

Lime~softened feed (T-9)

Lime softened feed (T-10)

Fresh €D brine (7-28)

pH Conductivity ~ca*t Mg++ TH

units pS/cm meq/L meq/L  meq/L
- 49 339 61.0 1.0 172.0
- 49 182 95.0 107.0 202.0
7.4 5 082 8.8 4.8 13.6
7.5 5133 9.2 5.2 14.4
5.1 59 220 5.8 25.7 3.
7.2 5178 0.36 1.96

IX product/ED feed (T-33)

Cycle 3.10.715 Operating Conditions

DURATION THROU
QUTPUT MIN L
WASTE 10 240
SP REGEN 96 1600
SP REGEN 68 dge
WASTE 3 62
WASTE 10 160
PROOUCT 204 6260
WASTE 4 “1

GHPUT VOLUME

Bv
24643

16,2

3.87
63

l1e62

63,4

42

153

AVG FLOW RATE
8V /MIN

L/MIN

24,0
16,6
5.59
2047
16,0
30.1
20.7

+243
+168
057
2209
162
«305
«209

8€0

EXPANSTION

®

55,
3540
1l,

0,0
0.0
0.0

TEMPERATURE
C

20.5



C13—2

Fresh Regenerant Volume Balance

Estimated
Fresh fresh Estimated
regenerant reqgenerant Service ED feed
Run 3.10.00 volume (V)  TDS volume (Vg) DS R
Cycle no. Date L mq/L L mg/L 2 Vy/(1-R)v
03 5/5/79 795 52 560 8770 3380 94 1.62
04 5/6/79 301 52 560 5960 3380 94 0.91
05 5/6/79 302 52 560 5990 3380 94 0.90
06 5/6/79 301 52 560 6000 3380 94 0.90
07 5/7/79 301 50 730 6040 3370 94 0.86
08 5/7/79 301 50 730 6070 3370 94 0.86
09 5/7/79 302 50 730 5920 3370 94 0.88
10 5/7/79 302 50 730 6070 3370 94 0.86
1 5/8/79 302 50 210 5920 3300 94 0.90
12 5/8/79 381 50 210 6290 3300 94 1.06
13 5/8/79 381 50 210 6200 3300 94 1.08
14 5/9/79 382 50 770 6230 30 95 1.14
15 5/9/79 382 50 770 6260 3210 95 1.13

pH

105 (Z ions}
Conductivity @ 25 °C
E. F. {T0S/cond.)
Silica

Calcium

Magnesium

Sodium

Potassium

Strontium
8icarbonate
Carbonate

Hydroxide

Sulfate

Chloride
T-alkalinity as CaCO;
P-alkalinity as CaCQ,
IAnions

ICations

Control value

Influent and Effluent Compositions during Cvcle 3.10.15

Rins_e. i rvice
s LY it etrinr ey miwes  effleent  efillent
m - - - 5.1 - 7.3 5.9 1.2
mg/L 36 885 27 100 35 665 50 324 43 283 3253 40 960 3375
wsS/cm - - - 60 400 - 5297 49 674 8579
. - - - 0.83 - 0.61 0.82 0.60
mg/ L 6.6 4.6 4.6 3.7 4.2 4.8 4.3 4.7
mg/L 1280 1960 1580 114 1320 166 388 10.8
mg/L 1512 1295 1528 340 1097 64.9 309 36.1
mg/L 10 520 6150 9520 17 350 12 990 887 13 760 1145
mg/L 76 50 72 157 9 9.6 123 13
mg/L 313 37 37 2.1 38 2.5 12 0.4
mg/L 97.6 63.4 83.0 17.1 83.0 24.4 244 24.9
mg/L ND ND ND ND NO ND ND NO
mg/l ND XD KO NO ND ND ND NO
mg/L, 4900 4240 4900 14 740 10 160 940 13 200 990
mg/L 18 460 13 300 17 930 17 600 17 500 1154 13 140 1150
mg/L 80.0 §2.0 68.9 14.0 68.0 20.0 20.0 20.0
mg/L ND D 0 ND L} N0 ND ND
meq/L 624.4 464.5 609.5 803.8 706.7 §2.53 646.0 53.47
neq/L 648.5 473.9 621.3 792.4 124.4 §2.51 646.7 5§3.66'
meq/L -2.46 -1.28 -1.24 +3.9 -1.60 +0.02 -0.07 -0.20

1564



Cc13-—-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

MODE

REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
RINSE
RINSE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE

WWwWwWwwwmnmNN =~

Ca
MG
TH
NA

PROCESS
STREAM

EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT

CYCLE 3.10.15

THROUGHPUT

Bv

0.,00
l.22
2063
4.79
10,68
18.59
19,05
20.35
20,63
21,66
22445
0.00
81
l.62
437
16,87
30.28
32.11
47436
54,98
62.61
65.05
65.05

Service Performance Summary

1
1

CA
MEQ/L

64,37
19.76
2l.76
63,87
68,36
64,37
5,69
82,34
73.85
64,87
59.38
22441
15.97
013
8,48
«07
8,58
.08
21
53
1.26
8.48
1.53

CYCLE 3.10.15

AVERAGE CONCENTRATIONSy MEQ/L

INFLUENT EFFLUENT
8,52 28
Se47 1.71

13.99 1.99

39.32 51.78

DIFFERENCE

8.23
3.76
12.00
=12445

155

MG
MEQ/L

50670
127.16
136,63
124444
124412
124,86

27.98
105,51

90.29

76,71

61.65

33.25

17.94

24
Setl

016
5.51

22
2.11
4455
6,62
5.50
T7.00

REMOVAL

%

97
69
86

TH
MEQ/L

115,07
246,92
258,38
188,32
192.48
189,23
33.67
1b7.85
164,14
141,58
121.03
55,66
33.91
37
13.89
023
14,09
30
2.32
5,09
7.87
13,98
8,53

NA
MEQ/L

143,11

297.09
382.78
457.59
447,59
452,37
754.68
598,96
617.66
633.32
578,95
711.18
417.16

58490
38.97
52.33
39.58
52.46
50,98
48,50
45467
39,41
45,02

RESIN CAPACITY

EQ/L

522
«239
o761
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FIGURE A- a

MAJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT
CYCLE 3.10.15
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Concentrations, meq/L
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BED VOLUMES

FIGURE a- b

MAJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS
CYCLE 3.10.15
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557 477 o Magnesium concentrations, meq/L
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SODTUM. INR)., CALCIUM (CA)., AND MAGNESIUM (MG) CONCENTRATIONS RRE MEASURED BY ATOMIC ABSORPTION.
TOTAL HARDNESS (TH) IS CALCULATED BY SUMMING THE CALCIUM. AND MAGNESTUM. CONCENTRATIONS.
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MODE

REGEN |}
REGEN 3
DRAIN 1
RINSE

SERVICE
DRAIN 2

C14-1

Ton-Exchange - Run 3.11.00

Date:
Cycle:

Conditions:

Control variables:

Standard resin bed:

5/12/79
3.11.12

Feedwater - Wellton-Mowhawk drainage pretreated

{in Train IV)

with high lime dosage for silica removal

Regenerants - recycled regenerant and fresh ED brine

Fresh regeneration conc. (mg/L TDS)
Fresh regeneration flow rate (L/min)
Recycled regenerant flow rate (L/min)
Recycled regenerant volume (L)

Service termination point (meq/L Ca*t)

1081 mm
98.7 L

Height =
Volume =

Target Actual
50 000 51 810
5.5 5.5
None None
None None
1.5 1.3

Chemical Compositions of Tank Waters Prior to Cycle 3.11.12

pH Conductivity ~catt Mg++ TH
Tank units uS/cm meq/L meq/L  meq/L
Recycle regenerant (7-5) - 50 698 66.0  116.0 182.0
Spent regenerant (T-6) - 50 394 66.0  110.0 176.0
Lime-softened feed (T-9) 7.3 5188 9.20 3.00 12.2
Lime softened feed (T-10) 7.5 5 177 8.0 - 5.20
Fresh ED brine (T-28) 5.9 62 098 6.0 29.0  35.0
IX product/ED feed (T-33) 7.3 5 471 0.48 1.20  1.69
Cycle 3.11.12 QOperating Conditions
INPUT ouTPU DURATION TKROUGHPUT VOLUME AVG FLOW RATE EXP?S?ION
T MIN L Bv L/7MIN  OV/MIN ®
RE REGEN  WASTE 10 23 2,34 23,1 234 Sl
FR REGEN  SP REGEN 51 28] 2.85 5.49  .056 9.6
(VENT) WASTE 3 62 '63 20,7 0209 0.0
FEED WASTE 10 150 1.52 15.0 »152 0,0
FEED PRODUCT 152 4580 46,4 30,1 +305 0,0
(VENT) WASTE 2 'Y 42 20.7 .209 0.0
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Run 3.11.00
Cycle no.

03
04
05
06
07
08
09
10
1
12

pH

105 (£ ions)
Conductivity @ 25 °C
€. F. (70S/cond.)
Silica

Calcium

Magnesium

Sodium

Potassium

Strontium

Bicarbonate

Carbonate

Hydroxide

Sulfate

Chloride

T-alkalinity as €a(0y
P-atkalinity as CaC0;
LAnions

tCations

Control value

C14--2

Fresh Regenerant Volume Balance

Estimated
Fresh fresh Estimated
regenerant regenerant Service- ED feed
volume (V4) TDS volume (Vg) TDS R
Date L mg/L mg/L % Va/(1-R)vg

5/10/79 282 50 770 5330 3370 94 0.93
5/10/79 281 50 770 4580 3370 94 1.09
5/11/79 28] 52 150 4610 3510 94 1.03
5/11/79 282 52 150 4900 3510 94 0.98
5/11/79 280 52 150 4870 3510 94 0.98
5/11/79 280 52 150 4840 3510 94 0.98
5/11/79 281 52 150 4600 3510 94 1.04
5/11/79 281 52 150 4490 3510 94 1.06
5/12/79 281 82 600 4510 3390 94 1.1
5/12/79 281 52 600 4580 3390 94 1.10

Influent and Effluent Compositions during Cycle 3.11.12

Units
units
mg/L

uS/cm

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
neq/L
meq/L
meq/L

Rinse,
en 1 Regen 3 service Rinse Service
influent effiuent infTuent effTuent influent effluent effluent
- - 6.0 - 7.3 6.3 1.2
37 616 27 892 51 814 42 832 3279 40 219 4783
- - 63 479 - 5321 50 800 7309
- - 0.82 - 0.61 0.79 0.65
4.6 4.0 4.1 4.2 6.8 4.2 6.9
1250 2230 124 2360 156 510 20.2
1542 1208 363 1402 75.2 370 39.8
10 470 6180 18 240 11 050 909 13 470 1592
76 a7 166 8 8.9 123 16.3
40 40 2.7 50 2.9 11.2 0.9
73.2 83.0 8.2 87.8 19.5 3.2 22.0
ND NO ND ND NO ND KD
ND ND ND LV} ND NO NO
5560 4400 15 280 9100 940 10 960 1925
18 600 13 700 17 600 18 700 1160 14 740 1160
60.0 68.0 28.0 12.0 16.0 2.6 18.0
NO KO ND ND ND ND NO
641.7 479.5 815.3 118.5 §2.62 644.6 73.18
647.5 481.6 833.8 716.9 $3.81 645.2 13.96
-0.57 -0.28 -1.45 +0.14 -1.2% -0.06 -0.64
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C14—-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 3.11.12

PROCESS THROUGHPUT CA MG
MODE STREAM Bv MEQ/L MEGQ/L
REGEN 1 EFFLUENT 0,00 52.89 33.09
REGEN 1 INFLUENT o790 62.38 126.91
REGEN 1 EFFLUENT 1.17 145,71 131.52
REGEN 3 EFFLUENT 2.34 132,24 130.86
REGEN 3 INFLUENT 2.51 6,19 29.88
REGEN 3 EFFLUENT 2.95 153,19 150,37
REGEN 3 EFFLUENT 3,45 124,25 121473
REGEN 3 EFFLUENT 3.90 106,29 105.93
REGEN 3 EFFLUENT S.18 71,86 64.03
RINSE EFFLUENT 0,00 30,44 35.7¢
RINSE EFFLUENT o 76 20,91 24453
SERVICE EFFLUENT 1.52 1,49 3.40
SERVICE INFLUENT 4,27 7.83 6.02
SERVICE EFFLUENT 14,04 14 o21
SERVICE INFLUENT 25,64 T.68 6.06
SERVICE EFFLUENT 26.55 e 16 e 39
SERVICE EFFLUENT 39.07 49 3.17
SERVICE EFFLUENT 45,48 1.04 5643
SERVICE INFLUENT 47.92 7.63 6,01
SERVICE EFFLUENT 47,92 1.33 6.12

Service Performance Summary
CYCLE 3.11.12
AVERAGE CONCENTRATIONSs MEQ/L REMOVAL
INFLUENT EFFLUENT DIFFERENCE - %

CA T.72 *52 7.20 93

MG 6.03 1.95 4,08 68

TH 13.75 2446 11.29 82

NA 39.42 66.45 -27.03

159

TH
MEQ/L

85,98
189,29
277.23
263,10

36,06
303,56
245,98
2l12.21
135,89

66,16

45443

4489
13,86
«36
13.74
55
3.66
6047
13,64
Tebd

NA
MEQ/L

117.88
455,42
324449
382.34
793.39
464 455
510.66
52675
535.45
702491
486430
171.38
39.23
52,11
39.45
51.15
48446
46.28
39.58
45415

RESIN CAPACITY

EQst

334
190
«524
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FIGURE A- a FIGURE a- b

MAJOR CATICON CONCENTRATIONS MAJOR CATION CONCENTRATIONS OF
OF IX REGENERATION EFFLUENT IX RINSE AND SERVICE EFFLUENTS
CYCLE 3.11.12 CYCLE 3.11.12
o Calcium Avg. influent 703 O Calcium
o Magnesium concentrations, meq/L O 486 © Magnesium Avg. influent
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MODE

REGEN 1
REGEN 2
REGEN 3
DRAIN 1
RINSE

SERVICE
DRAIN 2

C15-—1

Ion-Exchange - Run 3.26.00D

Date:
Cycle:

Conditions:

Control variables:

Standard resin bed:

INPUT

RE REGEN
RE REGEN
FR REGEN
(VENT)
FEED
FEED

(VENT)

5/26/79
3.26.12D
Feedwater - Wellton-Mowhawk drainage pretreated

(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Target  Actual
Fresh regeneration conc. (mg/L TDS) 50 000 52 120
Fresh regeneration flow rate (L/min) 5.5 5.5
Recycled regenerant flow rate (L/min) 8.0 7.8
Recycled regenerant volume (L) . 00 800
Service termination point (meq/L Ca**) 1.5 ‘1.6

Height
Volume

1081 mm
97.7 L

® o

Chemical Ccmpositions of Tank Waters Prior to Cycle 3.26.12D

++

pH Conductivity  ~Ca** Mg TH
Tank units uS/cm meq/L meq/L  meg/L
Recycle regenerant (7-5) - 50 671 73.5  118.0 192.0
Spent regenerant (T-6) - 50 666 76.0  116.0 192.0
Lime-softened feed (7-9) 7.2 5.242 9.6 3.8 13.4
Lime softened feed (7-10) 7.4 5 224 9.6 3.8 13.4
Fresh ED brine (7-28) 4.0 61 491 6.8 23.7  30.5
IX product/ED feed (T-33) 7.2 5 480 0.36 1.0 1.4
Cycle 3.26.12D Operating Conditions
BED
ODURATION THROUGHPUT VOLUME AVG FLOW RATE EXPANSION TEMPERATURE
oUTPYT MIN L 'Y L/MIN  BV/MIN % c
WASTE 10 240 2443 26,0 v263 47, 26,8
SP REGEN 102 800 8,11 7.82 079 11.
SP REGEN 55 299 3,03 Sa48 «056 9.6 28,0
WASTE 3 62 v63 20.7 .209 0.0
WASTE i 160 1.62 16,0 o162 040
PRODUCT 185 5540 56,1 29.9 <303 0.0
WASTE 2 41 b2 20,7 .209 0.0
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pH

T0s- (& fons)
Conductivity @ 25 OC
E. F. {TDS/cond.)
Sitica

Calcium

Magnesium

Sodium

Potassium

Strontium
Bicarbonate
Carbonate

Hydroxide

Sulfate

Chloride
T-alkalinity as Cac0O;
P-alkalinity as CaCOy
IAntons

ICations

Control value

Run .3.26.00D

Cycle no.

03
04
05
06
07
08
09
10

1

12

Date

5/23/79
5/23/79
5/24/79
5/24/79
5/24/79
5/25/79
5/25/79
5/25/79
5/26/79
5/26/79

C15—2

Fresh Regenerant Volume Balance

Estimated

Fresh fresh Estimated

regenerant reqgenerant Service ED feed

volume (Vi) TDS volume (Vg) TDS R

L ma/L, L mg/L X Vy/(1-R)Ys

304 52 680 6530 3490 94 0.80
304 52 680 6610 3490 94 0.79
300 52 770 6020 3270 95 0.94
299 52 770 6050 3270 95 0.93
299 52 770 5890 3270 95 0.96
298 52 740 5770 3200 95 0.99
299 52 740 5700 3200 95 1.01
299 52 740 5730 3200 85 1.00
299 52 930 5670 3400 94 0.94
299 52 930 5540 3400 94 0.96

Influent and Effluent Compositions during Cycle 3.26.12D

Units

units
mg/L
uS/cm
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
meq/L
meq/ L
neq/L

162

Rinse,
Regen 1, 2 Regen 1 Regen 2 T_?T___nggg_g?_r____ service
influent effluent effluent nfluent Effluent influent
- - - 4.0 - 7.3
37 020 - - §2 122 - 3290
- - - 61 950 - 4529
- - - 0.84 - 0.73
5.6 5.8 6.4 5.4 6.0 3.9
1430 2150 1950 ns 1470 175
1563 1061 1493 303 1376 471.2
10 220 5610 9350 18 450 11 470 927
1.2 a5 74 109 82 8.9
36 36 38 1.3 36 2.4
58.6 73.2 73.2 35.6 73.2 17.6
ND ND NO KD ND ND
ND ND KD KO ND ND
4600 3340 4340 15 000 8480 928
19 100 13 200 18 300 18 100 18 200 1180
48.0 60.0 60.0 29.2 60.0 14.4
ND NO ND ND ND ND
835.6 4431 624.8 823.6 691.3 52.91
645.5 440.6 629.6 836.2 688.4 53.22
-1.00 +0.37 -0.49 -0.98 +0.26 -0.34

Rinse Service
effluent effluent
4.3 7.2
42 902 4655
53 S50 6713
0.80 0.69
5.3 3.8
440 17.9
343 N3
14 610 1588
86 14.3
12.9~ 0.5
24.4 19.5
ND ND
ND ND
12 080 1798
15 200 1180
20.0 16.0
Ho KD
683.6 71.06
688.2 12.87
-0.43 -1.50



C15—-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

MODE

REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
RINSE
RINSE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE

WWwWwwwwmn NN -~

CA
MG
TH
NA

PROCESS
STREAM

EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT

CYCLE 3.26.12D

Bv

0.00
1.22
2.43
4ol
6,39
10.51
10,85
11.13
11.74
12.35
13.58
0600
«81
1.62
%435
16.49
23.77
31.05
45.92
53.50
57.75
57.75

THROUGHPUT CA

MEQ/L

23.70
168.16
133,73

71.36

87,33

72.85

5.89

93,81

T7.84

68,86

55.88

23,65

2l.51

96
9,08
12
8,98
013
«38
1.04
8,88
1.61

MG
MEQ/L

10.86
126.01
128.48
128,64
124,53
126,50

24494
158.44
125.1Y
106617

63.46

30.12

2790

3.23
3.91
1.72
3.91
2.27
2.13
4.42
3.92
5.39

Service Performance Summary

CYCLE 3.26.12D

AVERAGE CONCENTRATIONSy MEW/L

INFLUENT EFFLUE
8498 vhb
3.91 2057

12.89 3.01

39.76 66.85

NT

DIFFERENCE

8454
1.34
9.58

~27.09

163

REMOVAL

®

995
3¢
77

TH
MEQ/L

34,57
294417
262.21
200,00
2l1.85
199,36

30,83
252,25
203.03
175,04
122434

53.78

49.41

4,19
12.99
l.84
12,89
2440
2452
5.46
12.80
7.00

RESI

NA
MEQ/L

63.90
294.04
373,21
444454
429,32
439,76
802.52
478,47
535.02
562.42
$55.,02
730.32
5T6e34
168477

39.97

52.63

39.84

52463

50.72

4750

39,45

46.24

N CAPACITY
EQ/L

o479
0075
+555
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MODE

REGEN 1
REGEN 2
REGEN 3
DRAIN 1
RINSE

SERVICE

DRAIN 2

C16-—-1

Ion-Exchange - Run 3.27.25D

Date:
Cycle:

Conditions:

Control variables:

Standard resin bed:

INPUT

RE REGEN
RE REGEN
FR REGEN
(VENT)
FEED
FEED

(VENT)

6/2/79
3.27.250

Feedwater - Wellton-Mowhawk drainage pretreated
(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh £D brine

Fresh regeneration conc. (mg/L TDS)
Fresh regeneration flow rate (L/m1p)
Recycled regenerant fliow rate (L/min)

Recycled regenerant volume (L)

Service termination point (meq/L Ca**) 1.5

Height
Volume

non

98.7 L

1081 mm

Target
50 000
5.5
24.0

Actual
53 400
5.4
24.2
800

1.6

Chemical Compositions of Tank Waters Prior to Cycle 3.27.25D

+

pH Conductivity catt Mg+ TH
Tank units meq/L meq/L  meg/L
Recycle regenerant (T-5) - 49 197 80.0 128.0 208.0
Spent regenerant (T-6) - 48 998 96.0 126.0  222.0
Lime-softened feed (7-9) 7.3 5 343 9.6 4.4 14.0
Lime softened feed (T-10) 7.2 5 336 1C.0 4.0 14.0
Fresh ED brine (7-28) 3.9 62 028 8.0 23.0  31.0
IX product/ED feed (T-33) 7.2 5 788 0.64 1.0 1.6
Cycle 3.27.25D Operating Conditions
DURATION THROUGHPUT VOLUME  AVG FLOW RATE Expg:ngN TEMPERATURE
OUTPUT MIN L 8v L/MIN BV/MIN % c
WASTE lo 240 2,43 2440 0243 49, 2640
SP REGEN 33 800 8411 24.2 0246 .9,
SP REGEN 50 271 2.75 5,42  ,055 9.6 28.0
WASTE 3 62 .63 20.7 .209 0
WASTE 10 140 1.42 14,0 Jle2 0
PRODUCT 162 4780 48,4 29,5 0299 0
WASTE 2 4l 42 20,7 -209 0

165



Run 3.27.00D
~Lycle no.

pH

105 (= ions)
Comductivity & 25 9C
E. F. (T0S/cond.)
Silica

Calcium

Magnesium

Sodium

Potassium

Strontium
Bicarbonate
Carbonate

Hydroxide

Sulfate

Chloride
T-alkalinity as Cal0y
T-acidity as CaC0,
IAntons

ICations

Control value

03
04
05
06
07
08
09
10
11
12
13
14
15
18
19
20
21
22
23

24
25

C16—2

Fresh Regenerant Volume Balance

Date

5/27779
5727779
5/27/79
5/28/79
5/28/179
5/28/79
5/28/79
5/29/79
5/29/79
5/29/79
5/29/79
5/30/79
5/30/79
5/31/79
6/1/79
6/1/79
6/1/79
6/1/79
6/1/79
6/2/79
6/2/79

Fresh Fresh Estimatad
regenerant  regenerant  Service ED feed
volume (Vi)  TDS volume {Vg) TDS R
_L ma/L L mg/L 8N/ 1-2)vg
299 52 930 5580 3400 94 0.96
299 52 930 5330 3400 94 1.00
300 52 930 5190 3400 94 1.03
299 52 930 5260 3400 94 1.01
298 52 930 5480 3400 94 0.97
299 52 930 4980 3400 94 1.07
273 52 930 4920 3400 94 0.99
2N 53 400 4730 3480 94 1.00
272 53 400 4950 34830 94 0.66
273 53 400 463U 3480 94 1.03
271 53 400 4700 3480 94 1.01
272 53 640 4760 3860 94 0.89
- 53 640 - 3860 94 -
694 53 400 5990 3580 94 1.97
2N 53 510 4810 3610 94 0.95
272 53 510 5010 3610 94 0.92
272 53 510 4780 3610 94 0.95
274 53 510 4640 3610 94 1.00
272 53 510 4740 3610 94 0.97
270 53 760 4660 3590 98 1.01
271 53 760 4780 3590 94 0.98

Influent and Effluent Compositions during Cycle 3.27.25D

Units

units
mg/L

wS/cm

mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
meq/L
meq/L
neq/t

Regen 1, 2 Regen 1 Regen 2
influent effluent effluent
35 600 - -
5.8 5.6 6.2
1520 1920 1890
1419 108 1478
9820 6190 9230
67 46 65
35 34 38
73.2 97.6 73.2
NO ND ND
KO ND NO
4060 3560 4400
18 600 13 500 18 500
60.0 80.0 60.0
610.5 456.6 614.7
621.5 458.2 619.9

-1.15 -0.22 -0.54

166

Regen 3 smfié Rinse Service
[nfTuent Effluent influent effluent effluent
3.9 - 7.3 4.2 6.7
53 402 - 3549 43 624 5562
62 515 - 5463 53 328 7890
0.85 - 0.65 0.82 0.70
4.9 5.4 4.5 4.9 4.7
125 1560 177 46) 26.9
276 1286 60.1 342 37.9
18 540 11 850 1017 14 980 1862
134 77 8.4 103 15.5
2.1 37 2.9 n.s 0.8
ND 97.6 19.5 ND 19.5
NO NG ND ND, ND
NO KD ND ND NO
16 000 8500 990 11 500 2375
18 320 18 100 1270 16 220 1220
ND 80.0 16.0 NO 16.0
12.0 - - 10.0 -
850.1 689.3 56.717 §97.1 84.20
838.9 701.9 58.30 105.8 85.87
+0.84 -1.17 -1.55 -0.79 -1.17



C16—3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 3.27.25D

PROCESS THROUGHPUT CA MG
MODE STREAM Bv MEQ/L MEQ/L
REGEN 1 EFFLUENT 0.00 44,41 28,48
REGEN 1 EFFLUENT 1.22 124,25 117.53
REGEN 2 EFFLUENT 243 116,27 124.28
REGEN 2 INFLUENT 4,64 75,85 116,79
REGEN 2 EFFLUENT 6.61 87,82 117.94
REGEN 3 EFFLUENT 1054 80,84 119.51
REGEN 3 INFLUENT 10,81 6.24 22.72
REGEN 3 EFFLUENT 11,08 98,80 145,19
REGEN 3 EFFLUENT 11,69 82,83 118,85
REGEN 3 EFFLUENT 12.29 66,87 90.53
REGEN 3 EFFLUENT 13.27 60,38 6l.32
RINSE EFFLUENT 0,00 24440 27.65
RINSE EFFLUENT 71 22.26 27,98
SERVICE EFFLUENT les42 l.44 S.37
SERVICE INFLUENT 4411 8,68 4481
SERVICE EFFLUENT 14,27 o20 21
SERVICE INFLUENT 20.85 8,68 4.74
SERVICE EFFLUENT 27.13 o21 32
SERVICE EFFLUENT 39,98 047 2.18
SERVICE EFFLUENT 46,56 1.06 4.59
SERVICE INFLUENT 49.85 8.63 4,77
SERVICE EFFLUENT 49,85 1.55 5.75

Service Performance Summary
CYCLE 3.27.25D
AVERAGE CONCENTRATIONSs MEQ/L REMOVAL
INFLUENT EFFLUENT DIFFERENCE %

CA 8,67 +56 8.11 94

MG 478 1.95 2.82 S9

TH 13.44 2451 10.93 81

NA 41463 76.23 =34.,60
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TH
MEQ/L

72.89
241.78
240.55
192,64
205,717
200,34

28,95
243499
201.68
157,40
121,70

52,06

50.24

6.80
13,50
13.42

-1

2466

5.66
13.41

7.30

NA
MEQ/L

117.44
308.83
369.73
427414
417.14
423.23
806.44
487.17
523.27
577.21
622.01
T13.79
585,04
223458
41.71
55.07
41,45
55455
52+46
494,46
41.71
48.11

RESIN CAPACITY

EQ/L

393
e 137
529
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MODE

REGEN 1}
REGEN 2
REGEN 3
ORAIN 1
RINSE

SERVICE
DRAIN 2

INPUT

RE REGEN
RE REGEN
FR REGEN
(VENT)
FEED
FEED

(VENT)

C17—1

Ton-Exchange - Run 3.12.00

Date:

Cycle:

Conditions:

Control variables:

Standard resin bed:

Chemical Compositions of Tank Waters Prior to Cycle 3.12.09

6/6/79
3.12.09

Feedwater - Wellton-Mowhawk drainage pretregted
(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Fresh regeneration conc. {mg/L TDS)
Fresh regeneration flow rate (L/min)

Target  Actual
33 600 35 660
3.0 3.1

Recycled regenerant flow rate (L/min) 8.0 8:1
Recycled regenerant volume (L) 800 800
Service termination point (meq/L Ca**) 3.0 2.8
Height = 1081 mm
Volume = 98.7 L

pH Conductivity ~ca*t MgH TH
Tank units uS/cm meq/L meq/L  meag/L
Recycle regenerant {T-5) - 37 099 63.5 78.5 142.0
Spent regenerant (T-6) - 36 910 71.5 68.5 140.0
Lime-softened feed (T7-9) 7.4 5 355 9.4 4.2 13.6
Lime softened feed (T-10) 7.4 5 345 9.8 4.2 14.0
Fresh ED brine (T-28) 4,3 44 870 6.6 17.4 24.0
IX product/ED feed (T-33) 6.8 5 836 0.68 1.7 2.4
Cycle 3.12.09 Operating Conditions
BED
DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPANSION
OUTPUT MIN L By L/MIN BV/MIN %
WASTE 10 240 2e43 24,0 «243 44,
SP REGEN 99 800 8.11 8,06 0082 8.9
SP REGEN 146 452 4,58 3,09 0031 1.8
WASTE 3 62 0«63 20.7 0209 0.0
WASTE 10 140 leé2 14,0 LY 0.0
PRODUCT 175 5250 53.2 30.0 e304 0.0
WASTE 2 4] 42 20.7 .209 0.0
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TEMPERATURE
C
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Fresh Fresh Estimated
regenerant reqgenerant Service ED feed
Run 3.12.00 volume (Vi) TDS volume (Vg) T0S R
Cycle no. Date L mg/L L mg/L ¥ Va/(3-R)vs
02 6/3/79 450 36 440 6030 3540 91 0.88
03 6/4/79 452 36 440 5470 3540 91 0.97
04 6/4/79 451 36 440 5260 3540 91 1.0
05 6/4/79 452 36 440 5200 3540 91 1.02
Qe 6/5/79 452 36 330 5170 3590 91 1.00
07 6/5/79 454 36 330 5250 3590 9] 0.99
08 6/5/79 453 36 330 5130 3590 91 1.02
09 6/6/79 452 35 580 5250 3620 9N 0.96
Influent and Effluent Compesitions during Cycle 3.12.09
Rinse,
Regen 1, 2 Regen 1 Regen 2 T___]_R_ejg_vi_fﬂ_ service Rinse
_influent effluent  effluent Influent — EffTuent Influent effluent
Units
pH units - - - 4.3 - 1.3 4.4
105 (T fons) mg/L 26 584 18 168 26 261 35 655 31 363 3411 34 061
Conductivity @ 25 °C uS/cm - - - 44 651 - 5345 42 360
E. F. (T0S/cond.) - - - - 0.80 - 0.64 0.80
Slica mg/L 4.8 4.6 4.8 4.5 4.6 3.7 4.8
Calctum mg/L 1230 1480 1620 139 1220 172 300
Magnesfum mg/L 960 687 950 197 LR 55.6 187
Sodfum mg/L 7240 4140 6700 12 520 9000 968 11 760
Potassium mg/L 49 30 45 72 51 7.9 83
Strontium mg/L 27 28 28 2.4 23 2.6 6.5
Bicarbonate mg/L 73.2 58.6. 73.2 ND 3.2 19.5 D
Carbonate mg/L ND ND NO NO NO ND ND
Hydroxide mg/L ND ND RD ND NO ND ND
Sulfate my/L 4000 3240 4000 10 600 7200 970 9300
Chioride mg/L 13 000 8500 12 840 12 120 13 060 1212 11 880
T-alkaltnity as CacO; mg/L 60.0 48.0 60.0 ND 60.0 16.0 NO
T-acidity as CaC0y ng/L - - - 16.0 - - 14.0
LAafons meq/L 451.2 308.2 446.7 562.7 519.6 54.71 541.4
1Cations neq/L 457.2 311.9 452.2 569.7 514.3 55.52 541.6
Control value nea/L -0.83 -0.74 -0.78 -0.79 +0.64 -0.84 -0.03

C17—2

Fresh Regenerant Volume Balance
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Service
effluent

6.9
4833
1522
0.64
3.7
26.9
3.3
1721
14.5
0.5
22.0
ND
NO
2150
1200
18.0

78.64
79.41
-0.58



C17-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 3.12.09

PROCESS THROUGHPUT CA MG
MODE STREAM Bv MEQ/L MEQ/L
REGEN 1 EFFLUENT 0.00 38,42 21.65
REGEN 1 EFFLUENT le4b 99,30 79,09
REGEN 2 EFFLUENT 2.43 94,81 84,53
REGEN 2 INFLUENT 2.92 61,38 79,01
REGEN 2 EFFLUENT 6427 78,84 75.64
REGEN 3 EFFLUENT 10,51 66.87 T6.21
REGEN 3 INFLUENT 10,80 6,94 16.21
REGEN 3 EFFLUENT 11.64 69,86 86,01
REGEN 3 EFFLUENT 12,77 64,87 72.59
REGEN 3 EFFLUENT 13,90 46,91 36,87
REGEN 3 EFFLUENT 15,10 54,38 29.38
RINSE EFFLUENT 0,00 12,67 15,47
RINSE EFFLUENT oT1 17.12 15447
SERVICE EFFLUENT le42 1e17 3.64
SERVICE INFLUENT 4,15 8463 4,68
SERVICE EFFLUENT 14.79 18 17
SERVICE INFLUENT 26,95 8,48 4,67
SERVICE EFFLUENT 28417 20 25
SERVICE EFFLUENT 41,54 254 2423
SERVICE EFFLUENT 48,23 1,38 4.88
SERVICE INFLUENT 54,61 8,58 44,69
SERVICE EFFLUENT 544,61 2.84 6.39

Service Performance Summary
CYCLE 3.12.09

AVERAGE CONCENTRATIONSs MEG/L REMOVAL

INFLUENT EFFLUENT DIFFERENCE %

CA 84,57 69 T.88 92

MG 4,68 1.97 2.72 S8

TH 13.25 2¢65 10.60 80
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TH
MEQ/L

60.07
178,40
179.34
140,39
154,48
143,08

23.15
155,87
137.46

83,78

BT.77

28415

32.59

4.81
13.32
«36
13.16
2477
6.26
13.27
9,23

RESI

NA
MEQ/L

90.91
223.14
265,33
314,92
291.43
430,19
299.57
331.88
377.12
448.46
485,86
534,58
487.17
20357

42406

54,94

41.24

53.72

51.50

48.11

4]1.45

454,24

N CAPACITY
£EQsL

0419
0145
0564
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FIGURE A- a FIGURE a- b
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MODE

REGEN 1
REGEN

REGEN

W N

DRAIN ]
RINSE

SERVICE
ORAIN 2

c18—1

Ion-Exchange - Run 3.13.00

Date: 6/8/79
Cycle:  3.13.08
Conditions: Feedwater - Wellton-Mowhawk drainage pretreated

(in Train IV) with high 1ime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Target Actual
Control variables: Fresh regeneration conc. (mg/L TDS) 35 UBD 337930

Fresh regeneration flow rate {L/min) 3.0 3.0
Recycled regenerant flow rate (L/min) 24.9 24.6
Recycled regenerant volume (L) 800 800
Service termination point (meg/L Ca**) 3.0 3.2
dard resin bed: Height = 1081 mm
standar Volume = 98.7 L

INPUT

RE REGEN
RE REGEN
FR REGEN
{VENT)
FEED
FEED

(YENT)

Chemical Compositions of Tank Waters Prior to Cycle 3.13.08

pH Conductivity ~ca** Mg++ TH

Tank units uS/cm meq/L meq/L  meq/L
Recycle regenerant (T-5) - 37 192 70.0 7.0 141.0
Spent regenerant (T-6) - 37 109 68.5 69.5 138.0
Lime-softened feed (T-9) 7.4 5 284 7 8.6 4.8 13.4
Lime softened feed (T-10) 7.5 5139 9.0 4.6 13.6
Fresh ED brine (7-28) 4.8 42 370 6.0 16.8 22.8
IX product/ED feed (T-33) 7.1 5 675 0.48 1.4 1.9

Cycle 3.13.08 Operating Conditions

DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPEE?ION TEMPERATURE

oUTPUY MIN L -1 L/MIN  BV/MIN C
WASTE 10 240 2043 24,0 «243 42, 28.3

SP REGEN 33 800 Bell 24,6 e249 “2.

SP REGEN 153 452 4,58 2496 «030 5.5 31.5
WASTE 3 62 63 20.7 «209 0.0

WASTE 10 150 l.52 15,0 0152 0.0

PRODUCT 183 5410 54.8 29.6 «300 0.0

WASTE 2 4l 042 20,7 209 0.0
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Run 3.13.00
Cycle no.

pH

0 (£ ions)
Conductivity @ 25 °C
€. F. {TDS/cond.)
Silica

Calcium

Magnesium

Sodiua

Potassium

Strontium
Bicarbonate
Carbonate

Hydroxide

Syifate

Chloride
T-alkalintty as CaCOy
T-acidity as Cal0,
LAnfons

Cations

Control value

03
04
05
06
07
08

C18-—-2

Fresh Regenerant Volume Balance

Date

6/7/79
6/7/79
6/7/79
6/8/79
6/8/79
6/8/79

Fresh Fresh Estimated

regenerant regenerant Service ED feed

volume (V3) TDS volume (Vg) T0S R

L mg/L L ma/L 2 Va/(1-R)vs

451 34 510 5460 3520 91 0.93
451 34 510 5600 3520 91 0.91
451 34 510 5510 3520 91 0.92
453 34 040 5170 3520 91 0.96
452 34 040 5550 3520 91 0.90
452 34 040 5410 3520 91 0.92

Influent and Effluent Compositions during Cycle 3.13.08

units
mg/L

wS/em

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/t
ng/L
mg/L
meq/L
meq/L
req/L

Rinse,
R?z:?uéﬁtz e???::n: e???EZni Tnf uenze < gff!uent ?:;::Z:t efz::Zﬁt ei??:;ﬁ:
- - - 4.8 - 7.3 5.1 1.2
26 999 19 932 26 397 33 %27 30 788 3346 kra g 4524
- - - 42 735 - 5193 40 356 6694
- - - 0.79 - 0.64 0.80 0.68
5.2 4.4 5.0 4.2 4.8 4. 4.3 4.2
1260 1620 1650 19 1300 m 261 28.4
947 736 945 223 735 59.6 208 39.7
7290 4470 6760 11 890 8840 ELY 11 090 1509
46 34 48 92 s7 8.4 88 15.1
18 19 20 1.2 18 1.9 3.5 0.5
73.2 48.8 48.8 97.6 73.2 19.5 12.2 19.5
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
4300 3400 4200 9600 6860 960 3040 1740
13 060 9600 12 720 11 900 12 900 1180 11 400 168
60.0 48.0 40.0 80.0 60.0 16.0 10,0 16.0
459.2 342.4 447.1 $37.3 $08.0 §3.60 410.1 69.51
459.4 3370 455.8 543.9 ag 54.62 514.9 10.712
~0.04 +0.98 -1.23 -0.78 -0.46 -1.09 -0.60 -1.02
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c18-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

MODE

REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
RINSE
RINSE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE

WWWwWwWwwmMN NN ~— -

CA
MG
TH
NA

INFLUENT

PROCESS
STREAM

EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT

8,60
4,88
13,47
40.22

CYCLE 3.13.08

THROUGHPUT CA

Bv

0,00
1.22
2.43
3.93
6,67
10,66
10,90
11473
12.82
13.91
15,31
0,00
e 70
1.52
4,22
14,10
16,20
29.67
42,25
45,55
S1.54
56433
56433

Service Performance Summary

MEQ/L

38,42
107,78
100.80

62,87

77.84

70,36

5.94

T1.36

65,37

49,90

64.87

10.13

16.32

3,79
8,53
016
8,63
ol8
o61
95
2.10
8.63
J.24

-

CYCLE 3.13.08

EFFLUENT

1.04
209
3.14

64432

AVERAGE CONCENTRATIONS, MEQ/L
OIFFERENCE

756
2e.78
10.34

-2‘0010
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MG
MEQ/L

22.22
79.18
8l.48
7794
177.12
76430
18435
83.46
70,29
37.37
34.07
17.70
16.05
2¢93
486
19
4,86
31
2486
3.98
5.93
4.91
6.72

REMOVAL

%

88
57
17

TH
MEQ/L

60.65
186,96
182,28
140,82
154.96
146,66

24,29
154,61
135.66

87.27

98,94

27,63

32.37

6.72
13440
35
13.49
49
3.48
4,93
8,03
13.54
9,97

NA
MEQ/L

94,39
228.80
267,51
317.09
305.79
311.44
517.18
336.23
349.28
428.01
454,55
511.96
461,07
171.81

40.58

52.59

39.76

52433

49,72

48.50

45.006

40032

43.80

RESIN CAPACITY

EQ/L

e4lé
»152
«567
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C19-1

Ion-Exchange - Run 3.14.00

Date: 6/11/79
Cycle: 3.14.10
Conditions: Feedwater - Wellton-Mowhawk drainage pretreated

(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Target Actual

Control variables: Fresh regeneration conc. (mg/L TDS) 35 000 32 950
Fresh regeneration flow rate (L/min) 5.,§ 5.5
Recycled regenerant flow rate (L/min) 16.0 16.5
Recycled regenerant volume (L) 800 800
Service termination point (meq/L Ca**) 3.0 3.0

Standard resin bed: Height = 1081 mm
Volume = 98.7 L

Chemical Compositions of Tank Waters Prior to Cycle 3.14.10

pH Conductivity ~ca*t Mg++ TH

Tank units. pS/cm meg/L meq/L  meq/L
Recycle regenerant (T-5) - 36 287 60.0 70.0  130.0
Spent regenerant (7-6) - 36 467 56.0 72.0  128.0
Lime-softened feed (T-9) 7.5 5 610 9.4 4.6 14.0
Lime softened feed (T-10) 7.4 5319 8.8 4.8 13.6
Fresh ED brine (T7-28) 6.2 43 140 6.4 19.2 25.6
IX product/ED feed (T-33) 7.3 5 636 0.52 1.6 2.1

Cycle 3.14.10 Operating Conditions

DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPESgION TEMPERATURE

MODE INPUT QUTPUT MIN L Bv L/MIN BY/MIN % c
REGEN 1 RE REGEN WASTE 10 248 2.51 24.8 +251 4S, 28.0
REGEN 2 RE REGEN SP REGEN 49 792 8.02 16.3 «165 24,
REGEN 3 FR REGEN SP REGEN 82 450 4,56 S.47 + 055 8,2 31.9
DRAIN 1 (VENT) WASTE 3 62 63 20,7 209 0.0
RINSE FEED WASTE 10 140 lebe 14,0 LY 0.0
SERVICE FEED PROOUCT 190 5710 5749 30,1 «304 0.0
DRAIN 2 (VENT) WASTE 2 41 42 20.7 «209 0.0
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Run

pit

s (£ ions)
Conductivity ? 25 °C
€. F. (10S/cond.)
Silica

Calcium
Hagnesium

Sod iun

Potassiun
Strontium
Cicarbonate
Carbonate
Hydroxide
Sulfate

Chloride

3.14.00
Cycle no.

03
04
05
06
07
08
09
1Q

Date

6/9/79

6/9/79

6/10/79
6/10/79
6/10/79
6/10/79
6/11/79
6/11/79

Cc19-2

Fresh Regenerant Volume Balance

Fresh Fresh Estimated

regenerant regenerant Service ED feed

volume {V3) TDS volume (Vg) TDS R
L mg/L L mg/L X Vi/(Q-R)¥g
451 34 040 6070 3520 9 0.82
451 34 040 5250 3520 91 0.94
451 34 040 5300 3520 N 0.94
452 34 040 5530 3520 9 0.90
452 34 040 5680 3520 91 0.87
451 34 040 5640 3520 91 0.88
451 34 560 5530 3490 9] 0.92
450 34 560 5710 3490 91 0.89

Influent and Effluent Compositions during Cycle 3.14.10

T-alralinity as CaC03

P-airalinity as CaCOy

L Anions
£ Catlons

Control value

wits
units
mg/L
us/em
mg/t
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
ng/L
meq/l
mea/L
weq/t

Regen }, 2 Regen | Pegen 2 Regen 3 :;:::ée Rinse Service
influent effluent effluent YFTTEEFTS—_ETTTGEET influent  effluent  effluent
- - - 6.2 - 7.3 6.4 7.2
26 346 19 160 25 706 32 950 29 788 333 29 978 3979
- - - 43 388 - 4879 39 328 6385
- - - Q.76 - g.68 0.76 Q.62
4.6 5.0 4.4 4.5 4.6 3.7 4.1 3.9
1150 1610 1580 120 1300 175 270 23.0
765 654 806 198 591 52.1 182 7.6
7280 4460 €710 11 é8¢ 8740 930 10 300 1309
46 3t 42 94 51 8.3 84 13.7
27 27 30 1.8 28 2.8 6.0 0.8
73.2 1.2 13.2 51.2 13,2 19.5 n.ag 21.0

ND NO KO NO NO NO N0 ND
ND NO ND ND ND L1 ND NO
4200 3200 4200 8400 6200 960 8200 1388
12 800 9100 12 260 12 400 12 800 1180 10 900 1182
60.0 60.0 60.0 42.0 60.0 16.0 26.0 17.2
ND ND NO ND ND NO NO NO
449.8 324.6 434.5 §25.6 491.4 53.60 478.8 62.60
438.8 329.6 438.8 532.8 495.6 §3.75 478.8 61.55
41.55 -0.97 -0.62 -0.87 -0.54 -0.15 0.0 +0.97
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C19-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 3.14.10

PROCESS THROUGHPUT CA MG TH NA
MODE STREAM Bv MEQ/L MEQ/L MEQ/L MEQ/L
REGEN 1 EFFLUENT 0.00 40.42 20416 60.58 98,30
REGEN 1 EFFLUENT 1.26 99,80 68.40 168,20 221.84
REGEN 2 EFFLUENT 2.51 96.81 70.70 167,51 265,77
REGEN 2 INFLUENT 4.00 57,39 62,96 120,35 316466
REGEN 2 EFFLUENT 6.48 73435 62.96 136.32 303.61
REGEN 3 EFFLUENT 10,60 63,87 62.88 126,75 316,22
REGEN 3 INFLUENT 11,05 S.99 16,30 €2.28 508,05
REGEN 3 EFFLUENT 1177 72,36 69,14 141.49 362433
REGEN 3 EFFLUENT 12.93 54.89 52435 107.24 401,91
REGEN 3 EFFLUENT 14,04 48,40 28.48 76.88 433,23
REGEN 3 EFFLUENT 15.15 73.35 30.29 103,64 452,81
RINSE EFFLUENT 0.00 12,92 16613 29.06 493,65
RINSE EFFLUENT 71 13.72 13.50 27,22 414,96
SERVICE EFFLUENT le42 63 1.09 1,73 112.66
SERVICE INFLUENT 4416 8,78 3.87 12.65 39.28
SERVICE EFFLUENT 15.42 15 17 33 52.15
SERVICE INFLUENT 27.00 8.73 3.95 12.68 4019
SERVICE EFFLUENT 29,43 16 21 37 52.59
SERVICE EFFLUENT 43444 «39 1.89 2.28 49446
SERVICE EFFLUENT 50.44 1414 4038 5.52 46450
SERVICE EFFLUENT 57.44 2469 6.01 8.70 43.54
SERVICE INFLUENT 59.27 8.78 3.97 12.75 40415
SERVICE EFFLUENT 59,27 2.99 6.16 9.15 42.98
Service Performance Summary
CYCLE 3.14.10
AVERAGE CONCENTRATIONSs MEQ/L REMOVAL RESIN CAPACITY
INFLUENT EFFLUENT DIFFERENCE % EQ/L
CA 8.77 061 8.15 93 472
MG 3,93 1466 2.27 58 131
TH 12,69 2.27 10,42 82 «603
NA 39,87 57.61 =-17.73

179



08l

FIGURE a- a FIGURE a- b

MARJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT

MAJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS

CYCLE 3.14.10 CYCLE 3.14.10
o Calcium Avg. influent 494 0 Calcium Avg. influent
: concentrations, meq/L 415 o Magnesium concentrations, meq/L
© Magnesiun Reg 1,2 Reg 3 29.14427.2 A Total hardness Ca;,  8.77
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MODE

REGEN 1
REGEN 2
REGEN 3
ORAIN 1
RINSE

SERVICE

ORAIN 2

INPUT

RE REGEN
RE REGEN
FR REGEN
(VENT)
FEED
FEED

(VENT)

C20—1

Ion-Exchange - Run 3.15.00

Date:
Cycle:

Conditions:

Control variables:

Standard resin bed:

6/13/79
3.15.08

Feedwater - Wellton-Mowhawk drainage pretreated
(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Fresh regeneration conc. (mg/L TDS)

Fresh regeneration flow rate (L/min)
Recycled regenerant flow rate (L/min)
Recycled regenerant volume (L)
Service termination point (meq/L Ca*¥)

Chemical Compositions of Tank Waters Prior to

Tank

Target
35 000
8.0
8.0
800
3.0

Actual
33 670
7.9
8.1
800
3.2

Cycle 3.15.08

Recycle regenerant (T-5) -

Spent regenerant (T-6)
Lime-softened feed (7-9)

Lime softened feed (T-10)

Fresh ED brine (T-28)

IX product/ED feed (T-33)

pH Conductivity catt Mg++ TH
units uS/cm meq/L meq/L  meq/L
36 181 59.0 67.0 126.0
- 36 606 60.0 64.0 124.0
7.3 5 342 9.6 4.0 13.6
7.7 5 225 9.6 3.6 13.2
6.2 44 274 6.4 18.8 25.2
7.2 5 616 0.64 1.6 2.2
Cycle 3.15.08 Operating Conditions
BED
DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPANSION TEMPERATURE
QUTPUT MIN L BY L/MIN BV/MIN c
WASTE 10 248 2451 24.8 «251 42, 32.0
SP REGEN 98 792 8,02 8,06 «082 9.0
SP REGEN 57 451 4,57 T7.93 + 080 11, 35.8
WASTE 3 62 63 20.7 «209 0,0
WASTE 10 150 1.52 15.0 o152 040
PROOUCT 193 5910 59.9 30.6 «310 0.0
WASTE 2 4l b2 20.7 «209 040
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C20—-2

Fresh Regenerant Volume Balance

Fresh Fresh Estimated
regenerant reqgenerant Service ED feed
Run 3.15.00 volume (V3) TDS volume (Vg) T0S R
Cycle no. Date L mg/L L mq/L % V3/(1-R)Ys

03 6/12/79 452 35 710 5930 3270 92 0.97
04 6/12/79 452 35 710 5880 3270 92 0.97
05 6/12/79 45] 35 710 5710 3270 92 1.00
06 6/12/79 452 35 710 5910 3270 92 0.97
07 6/13/79 451 35 820 5830 3480 91 0.91
08 6/13/79 451 35 820 5910 3480 91 0.90

Influent and Effluent Compositions during Cycle 3.15.08

Regen 1, 2 Regen 1| Regen 2 Regen 3 5::35&; Rinse Service
Units influent effluent effiuent mmg—rmm infiuent  effluent  effluent

plb uitits - - - 6.3 - 1.2 6.4 7.1
105 (r ions) /L 26 329 18 861 26 067 33670 3148 3238 31 286 3428
Conductivity ? 25 9C wS/cm - - - 44 373 - 5338 40 416 5692
€. F. (T03/cond.) - - - - 0.76 - 0.61 0.77 0.60
Silica mg/L 5.0 5.0 4.6 4.6 4.8 3.3 4.3 3.3
Calcivm rg/L 1100 1720 1580 122 1250 188 312 28.2
Iagnesium m3/L 758 557 745 213 600 43.0 212 32.3
Sediun mg/L 7480 4330 6970 11 760 9400 904 10 690 nn
Fotassiun mg/L 46 30 49 99 59 8.6 91 12.1
Strontiuu ng/t 27 30 30 2.0 29 2.9 7.4 0.7
Cicaibenate rg/L 73.2 48.8 48.8 29.3 58.6 14.6 29.3 14.6
Carbonate ng/L ND NO ND ND ND ND NO ND
itydroxide ag/L ND ND ND ND NO ND NO ND
Sulfate mg/L 4100 3200 4300 9100 6700 920 9100 1000
Chloride mg/L 12 740 8940 12 340 12 340 13 380 1154 10 840 170
T-altralinity as CaC0y nmg/L 60.0 40.0 40.0 24.0 48.0 12.0 24.0 12.0
P-alralinity as CaC0y mg/L ND ND ND ND ND NO NO NO

L Anions meq/L 446.0 3197 438.5 §38.1 518.0 51.95 495.8 54,08
T Cations meq/L 444 321.4 4453 $37.7 l522.8 52.53 500.5 $5.13
Control valve mea/L +0.22 -0.36 -0.98 +0.05 -0.59 -0.63 -0.60 -1.1
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c20-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

MODE

REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
RINSE
RINSE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE

W W W WWW N NN -

CA
MG
TH
NA

PROCESS
STREAM

EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT

CYCLE 3.15.08

THROUGHPUT CA

Bv

0.00
l.26
2451
3.17
659
10.51
11.16
11.64
12.76
13.89
15.09
0.00
76
1.52
4,31
16,10
29.13
30,68
45,27
52.40
59.85
61,40
61.40

Service Performance Summary

MEQ/L

26,95
126,25
103,79

54,89

72,36

59,88

6,09

61,38

68,86

47,41

80,84

15.47

16,42

43
8.98
017
«18
50
1.29
2.79
9,23
3.24

CYCLE 3.15.08

AVERAGE CONCENTRATIONSs MEQ/L

INFLUENT EFFLUENT
9.10 ' 64
3.43 1,59

12453 2+22
39.36 53.47

DIFFERENCE

8.46
1,85
10,31

=-14,10

183

MG
MEQ/L

10.12
64,77
63.21
62.39
59.75
59,34
17,53
73,91
69.88
32459
33.33
18,77
16,05
54
3.43
20
3.42
26
2.16
4032
5457
3.44
5,76

REMOVAL

%

93
54
82

TH
MEG/L

37.07
191,02
167,00
117.28
132.11
119.22

23.62
135.29
138.74

80,00
114,17

34,23

324,47

»98
12,41
37
12,51
«43
2.66
5.61
8,37
12.67
9,00

NA
MEQ/L

7177

224 .88
275434
325436
314.92
321 .44
511.53
414,09
385.82
450,63
452.81
506.74
426471

80447
39.19
51.89
39,19
51.07
49.59
47.19
43.85
39.71
43.50

RESIN CAPACITY

gEQsL

«507
0110
2617
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FIGURE a-
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MAJOR CATION CONCENTRATIONS OF
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MODE

REGEN 1
REGEN 2
REGEN 3
DRAIN 1
RINSE

SERVICE

ORAIN 2

INPUT

RE REGEN
RE REGEN
FR REGEN
(VENT)
FEED
FEED
(VENT)

Ion-

Date:
Cycle:

Conditions:

Control variables:

Standard resin bed:

Chemical Compositions

c21—-1

Exchange - Run 3.16.00

6/15/79
3.16.06
Feedwater - Wellton-Mowhawk drainage pretreated

(in Train IV) with high Vime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Target  Actual
Fresh regeneration conc. (mg/L TDS) 35 000 36 070
Fresh regeneration flow rate (L/min) 8.0 8.0
Recycled regenerant flow rate (L/min) 24.0 24.6
Recycled regenerant volume (L) 800 800
Service termination point (meg/L ca**) 3.0 3.1

1081 mm
98.7 L

Height
Volume

of Tank Waters Prior to Cycle 3.16.06

++

pH Conductivity ~ca** Mg TH
Tank units uS/cm meq/L meq/L  meq/L
Recycle regenerant (T-5) - 32 246 50.0 54.0 104.0
Spent regenerant (T-6) - 35 814 57.0 65.0 122.0
Lime-softened feed (T-9) 7.3 § 220 9.6 4.4 14.0
Lime softened feed (7-10) 7.4 5186 9.6 4.8 14.4
Fresh ED brine (7-28) 4.9 43 837 6.4 18.4 24.8
IX product/ED feed (T-33) 7.2 5 620 0.64 2.0 2.6
Cycle 3.16.06 Operating Conditions
BED
DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPANSION TEMPERATURE
OyTPUT MIN L 8y L/7MIN BV/MIN 1) c
WASTE 10 249 2.52 24.9 «252 42, 30.8
SP REGEN 33 791 8.01 24,3 o247 36,
SP REGEN Sé 451 4,57 8401 «081 11, 33.5
WASTE 3 62 «63 20,7 «209 060
WASTE 10 150 1,52 15.0 +152 040
PROOUCT 193 5830 $9.1 30.2 «306 0.0
WASTE 2 el k2 20,7 »209 0.0
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C21-2

Fresh Regenerant Volume Balance

Fresh Fresh Estimated
) regenerant regenerant Service ED feed
Run  3.16.00 volume (Va} TDS volume (Vg) TDS R
Cycle no. Date L mg/L L mg/L X Vy/(1-R)Vg

03 6/14/79 450 35 700 6270 3440 92 0.85
04 6/14/79 451 35 700 5860 3440 g2 0.92
05 6/14/79 451 35 700 5770 3440 92 0.93
06 6/15/79 451 35 510 5830 3480 91 0.90

Influent and Effluent Compositions during Cycle 3.16.06

Regen 1, 2 Regen 1 Regen 2 Regen 3 z::::c'e Rinse Service
Units influent effluent effluent rmmﬁg—mrm influent  effluent  effluent

pH units - - - 5.6 - 7.1 5.9 7.0

10s (I ions) mg/L 25 322 18 076 24 632 36 067 31 760 32n 31 273 3786
Conductivity @ 25 OC uS/cm - - - 45 262 - 5214 40 416 5968
E. F. (TDS/cond.) - - - - 0.80 - 0.62 0.77 0.63
Sitica mg/t 5.4 5.6 5.2 41 4.4 3.6 4.3 3.6

Calcium myg/L 1060 1570 1540 39.9 1580 184 328 24.6
Hagnesium mg/L 663 541 679 213 631 42.6 200 31.3
Sodiun mg/L 7190 4190 6550 12 670 9030 896 10 770 1269
Potassium mg/L 45 29 42 103 55 8.2 a7 13.3
Strontium mg/L 19 22 23 1.7 26 2.3 6.1 e

Bicarbonate mg/L 58.6 58.6 13.2 15.6 73.2 18.5 171 18.5
Carbonate mg/L NO ND ND ND ND NO ND KD

Hydroxide mg/L ND ND ND ND ND NO ND NO

Sulfate mg/L 4520 3400 4200 180 100 6600 940 8800 1260
Chloride mg/L 11 760 8260 11 520 12 920 13 760 tte 11 060 1166
T-alkalinity as CaC0y mg/L 48.0 48.0 60.0 12.8 60.0 15.2 4.0 15.2
P-alralinity as CaC0y mg/L ND ND ND NO ND NO ND NO

L Anions meq/L 426.9 304.8 413.7 §75.1 526.8 §1.37 495.6 $9.44
T Cations meq/L 421.8 306.3 419.2 §712.0 525.6 §1.92 503.7 $9.3%
Control value weq/L +0.75 -0.32 -0.85 +0.34 +0.12 -0.62 ~1.04 +0.09
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c21-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

MODE

REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
RINSE
RINSE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE

WWWwwWwwNnNN -~ -~

CA
MG
TH
NA

CYCLE 3.16.06

THROUGHPUT CA

MEQ/L

23465
100,28
¥o,.81
52,49
69,80
bl .88
1,99
BU,34%
14,85
66,37
105,79
16,97
lo.12
o83
Y.48
19
9.48
21
o
lels
2ebY
9.56
J.09

Service Perofrmance

PROCESS
STREAM BV
EFFLUENT 0,00
EFFLUENT l.26
EFFLUENT 2.52
INFLUENT 4,00
EFFLUENT becl
EFFLUENT 10.66
INFLUENT 11,07
EFFLUENT 11447
EFFLUENT 12.36
EFFLUENT 13.¢6
EFFLUENT 15.20
EFFLUENT 0,00
EFFLUENT « 76
EFFLUENT leb2
INFLUENT 4421
EFFLUENT l6.21
INFLUENT 23.25
EFFLUENT 30.5Y
EFFLUENT 45,29
EFFLUENT 52.32
EFFLUENT 59,67
INFLUENT 60.59
EFFLUENT 60+.5Y
AVERAGE CONCENTRATIONS
INFLUENT EFFLUENT
9.51 066
3455 l.52
13,07 2+.18
40416 59455

CYCLE 3.16.06

MEQ/L

VIFFERENCE

ded6
2.03
10.88

-19039

187

MG
MEW/L

1l1.60
59,42
99,18
54,57
54,57
53.50
17.53
74,81
55,006
43,79
36.38
18.27
la,l0
le07
3.51
19
3.57
«23
1.81
4,35
S.47
3,508
5.5¢

Summary

REMOVAL
o,

Q

93
57
83

TH
MEQ/L

35.26
167,71
154,99
107.46
lc4,43
114.38

19,52
155,15
129.91
110,15
lagal?

35424

30.27

1.90
12499
«38
13.05
44
2elb
5.5¢
Be36
13,16
Beb¢

NA
MEQ/L

T77.86
206,61
260.11
312.74
283.60
288.82
551.11
387.12
404452
429,75
493,26
521,10
427 .58
1156.18

39,63

52.50

40.28

53.28

50.70

47,93

454,37

40.58

44498

RESIN CAPACITY

EQ/L

+523
0120
643
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FIGURE a- a FIGURE a- b

MAJOR CATION CONCENTRATIONS MAJOR CATION CONCENTRATIONS OF
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CYCLE 3.16.06 CYCLE 3.16.06
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y—120



MODE

REGEN 1
REGEN 2
REGEN 3
DRAIN 1
RINSE

SERVICE
DRAIN 2

c22-1

Ion-Exchange - Run 3.17.00
Date:

Cycle:

Conditions:

Control variables:

Standard resin bed:

INPUT

RE REGEN
RE REGEN
FR REGEN
(VENT)
FEED
FEED

{VENT)

Chemical Compositions of Tank Waters Prior to Cycle 3.17.08

pH Conductivity “Ca*t Mg++ ™
Tank units uS/cm meq/L meq/L  meq/L
Recycle regenerant (T-5) - 26 448 44.0 30.0 74.0
Spent regenerant (T7-6) - 25 950 44.0 30.0 74.0
Lime-softened feed (T-9) 7.2 5 234 8.8 4.0 12.8
Lime softened feed (T-10) 7.5 5191 8.8 4.4 13.2
Fresh ED brine (7-28) 6.2 26 919 6.4 1.6 18.0
IX product/ED feed (T-33) 7.2 5 675 0.8 2.0 2.8
Cycle 3.17.08 QOperating Conditions
BED
DURATION THROUGHPUT VOLUME  AVG FLOW RATE EXPANSION
OUTPYUT MIN L 8y L/MIN  BV/MIN )
WASTE 10 245 2.48 24.5 2248 46,
SP REGEN 92 1595 16.2 17.3 0175 25,0
SP REGEN 182 1000 10,13 5.49  .056 5.6
WASTE 3 62 «63 20.7 «209 0.0
WASTE 10 150 1.52 15,0 .152 0.0
PRODUCT 231 6920 70,1 30.0 «304 0.0
WASTE 2 4l .42 20.7 .209 0.0

6/18/79
3.17.08
Feedwater - Wellton-Mowhawk drainage pretreated

(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

) Target Actual
Fresh regeneration conc. (mg/L TDS) 20 000 20 160

Fresh regeneration flow rate (L/min) 5.5 5.5
Recycled regenerant flow rate (L/min) 16.0 17.2
Recycled regenerant volume (L) 1600 1600
Service termination point (meq/L Ca**) 4.5 4.4

Height = 1081 mm
Volume = 98.7 L

189

TEMPERATURE
[

25,8

28.4



Run 3.17.00
Cycle no.

o

1w, (£ ions)

03
04
05
06
07
08

Conuctivity 3 25 9¢C

E. F. {10S/cond.)
Silica
Calcium
tagnesium
Sodium
Potassium
Strontiun
Cicarvenate
Cartignate
Hydraride
Sulfate

Chioride

J-alkalinity as CaC0y

P-altalinity as CoCOy

L Anions
t Cations

Control value

Units
units
/L
pS/cm
mg/L
ng/l
ry/b
g/l
mg/L
rg/L
g/l
mg/L
mg/L
mg/L
mg/L
mq/l
ma/L
meq/L
meq/t
neg/L

Cca22-2

Fresh Regenerant Volume Balance

Date
6/16/79
6/16/79
6/17/79
6/17/79
6/18/79
6/18/79

190

Fresh Fresh Estimated
regenerant reqenerant Service ED feed
volume (Va) TDS volume (V) T0S R
L mg/L mq/L % Va/(3-R)vg
1000 19 520 7130 3300 85 0.95
1000 19 520 6310 3300 85 1.07
1000 19 520 6330 3300 85 1.07
1000 19 520 6320 3300 85 1.07
1000 19 520 6830 3300 85 0.99
1000 19 520 6920 3300 85 0.98
Influent and Effiuent Compositions during Cycle 3.17.08
Rinse,
Regen 1, 2 Regen | Regen 2 Regen 3 service Rinse Service
influent effluent effluent TnfTuent  Effluent influent effluent efflyent
- - - 6.2 - 1.2 6.3 7.2
19 187 15 239 19 698 20 159 20 533 3302 18 259 3408
- - - 26 133 - 5190 24 600 5408
- - - 0.77 - 0.64 0.74 0.63
[X) 4.8 4.4 4.1 4.6 3.9 4.0 3.5
850 1210 1140 115 850 165 129 25.8
365 421 420 130 237 50.3 102 32.7
5600 3570 5410 7000 6340 952 6400 151
36.0 24 34 59.0 36 8.2 52.3 1.6
13 16 16 1.3 12 2.3 2.0 0.2
78.1 13.2 713.2 19.5 13.2 20.5 19.5 19.5
XD ND NO ND ND NO ND ND
o ND NO ND ND NO N ND
4300 4000 4600 5680 5100 960 5050 1010
7940 5920 8000 7150 7940 1140 6500 1154
64.0 60.0 60.0 16.0 60.0 16.8 16.0 16.0
NO NO ND No ND ND ND L]
ey 1. 3ee.7 304 3314 2.4y 288.9 EX R T
37,3 251.5 328.0 322.5 338.9 54.05 294.6 54.35
-0.49 0.0 -1.03 -0.42 -1.42 +1.68 -1.25 -0.46



Cc22—3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

MODE

REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
RINSE
RINSE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE

WWWwWwwWwWwMNMNN -~ -

Ca
MG
TH
NA

INFLUENT

PROCESS
STREAM

EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT

8.25
4,24
12.49
40,79

CYCLE 3.17.08

THROUGHPUT CA

Bv

0,00
le24
2.48
4,94
11.07
18,61
20456
21l.11
23.62
26.12
2874
0,00
o 76
1.52
4.25
17.30
31.57
33,09
48,87
56.76
71.63
71463

MEQ/L

27,94
78,34
78486
42,42
46491
43,41
5.74
42,42
36493
31,94
51490
7439
5,19
.25
8.23
.23
8,18
.26
.90
1.93
8433
4,44

MG
MEQ/L

15.14
46,01
44403
30,04
31.19
30.29
10.70
26,67
16.46
11.36
16.95
10.45
6030
035
be22
30
4,426
046
3.56
5446
4,25
6,30

Service Performance Summary

CYCLE 3.17.08

AVERAGE CONCENTRATIONS
EFFLUENT

1.07
2436
3e44

52.82

MEQ/L

DIFFERENCE

7.18
1.88
9.05

’12.0‘0

191

REMOVAL

®

87
44
72

TH
MEQ/L

43,09
124,35
122.88
72,46
78410
73,70
16,44
69,08
53439
43,29
68,85
17.84
11,49
61
12.46
53
12,44
o72
4445
7.38
12,58

10,74

NA
MEG/L

75.69
153.98
191.39
243,58
236419
240,54
304.48
247493
258,81
270499
302.31
305.79
2642071

T4438

40,02

52.33

40.28

53.28

49,93

46493

42,06

43,63

RESIN CAPACITY

£EQ/sL

503
132
2635
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FIGURE A- a

MAJOR CATION CONCENTRATIONS
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CYCLE 3.17.08
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SODIUM (NR). CALCIUM (CA). AND MAGNESIUM (MG} CONCENTRATIONS ARE MERSURED BY ATOMIC ABSORPTION.
TCTAL HARDNESS (TH) IS CALCULRTED BY SUMMING THE CALCIUM ANO MAGNESIUM CONCENTRATIONS.

v—2zo



MODE

REGEN 1
REGEN 3
DRAIN ]
RINSE

SERVICE

DRAIN 2

Chemical Compositions of Tank

INPUT

RE REGEN
FR REGEN
(VENT)
FEED
FEED

{VENT)

Cc23-1

Ion-Exchange - Run 3.18.00

Date: 6/21/79

Cycle: 3.18.09

Conditions:

Feedwater - Wellton-Mowhawk drainage pretreated

(in Train IV} with high 1ime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Control variables:

Recycled regenerant flow rate (L/min)

Recycled regenerant volume (L)
Service termination point (meq/L Ca*t) 4.5

Standard resin bed: Height
Volume

Tank
Recycle regenerant (T-5)
Spent regenerant (7-6)
Lime-softened feéed (T-9)
Lime softened feed (T-10)
Fresh ED brine (T-28)
IX product/ED feed (T-33}

1081 mm
98.7 L

Fresh regeneration conc. (mg/L TDS)

Target

1 20 000
Fresh regeneration flow rate (L/min) 5§

.5
None

None

Actual
9 980

1
5.4
None
None
4.2

Waters Prior to Cycle 3.18.09

pH Conductivity ca™t Mg++ TH
units uS/cm meq/L meq/L  meg/L
- 22 481 35.0 27.0 62.0
- 25 367 44.0 26.0 70.0
7.1 5 335 8.0 4.4 12.4
7.5 5 253 9.6 2.8 12.4
6.5 26 716 6.8 15.6 22.4
7.0 5 760 - - -
Cycle 3.18.09 Operating Conditions
8ED
DURATION THROQUGHPUT VOLUME AVG FLOW RATE EXPANSION
QUTPUT MIN L gy L/MIN BV/MIN %
WASTE 10 248 2.51 24,8 251 ba,
SP REGEN 182 979 9.92 5.38 «054 Geb
WASTE 3 62 «63 20.7 «209 0.0
WASTE 10 160 1.62 16,0 o162 0.0
PRODUCT 213 6410 64.9 30.1 «305 0.0
WASTE 4 41 Y4 20.7 209 0e0

193

TEMPERATURE
C

2644

27.68



Cc23-2

Fresh Regenerant Volume Balance

Fresh Fresh Estimated
regenerant regenerant Service ED feed
Run  3.18.00 volume (V3) TDS volume (Vg) T0S R
_Lycte no.  Date L mg/L L mg/t % Vy/(-R)Vs
03 6/19/79 852 19 860 6780 3300 85 0.86
04 6/19/79 852 19 860 6780 3300 85 0.86
05 6/19/79 852 19 860 6650 3300 85 0.88
06 6/20/79 1000 19 570 7010 3300 85 0.96
07 6/20/79 1021 19 570 7350 3300 85 0.94
08 6/20/79 1000 19 570 6360 3300 85 1.06
09 6/21/79 979 6410 3300

Influent and Effluent Compositions during Cycle 3.18.09

Rinse,
Regen 1 Regen 3 service Rinse Service
Units Infiuent EffTuent Influent Effluent inflyent effluent effluent
sH units - - 6.4 - 7.4 6.6 7.3
108 (£ ions) mg/L 16 705 12 307 19 981 20 201 3421 18 154 3533
Conductivity @ 25 °C  yS/em - - 27 436 - 5431 25 037 5603
€. F. (105/cond.) - - - 0.73 - 0.63 0.73 0.63
Silica mg/L 3.6 5.0 4.1 5.0 4.2 4.5 4.3
Calcium mg/t 690 1020 28 1190 166 136 39.1
Magnesium mg/L 316 314 199 319 53.3 149 45.2
sodium mg/L 4800 2870 6850 5660 983 6220 179
Potassium mg/t 30 21 63 32 8.5 59 12.7
Strontiunt mg/L 17 18 1.8 22 2.7 2.3 0.7
icarbonate o/t 48.8 58.6 35.1 13.2 19.5 33.2 22.0
Carponate mg/L ND ND ND ND ND ND ND
Hydroxide mg/b ND ND ND NO NO NO NO
Sulfate mg/L 4200 3000 5500 5000 990 5100 1030
Chloride mg/L 6600 5000 7200 7900 1194 6450 1200
T-alkalinity as CaC0y; mg/L 40.0 48.0 28.8 60.0 16.0 7.2 18.0
P-alkalinity as CaCDy mg/L NO ND ND [ ND ND KD
L Anions meq/L 274.5 204.5 318.3 328.2 54.62 288.7 55.67
t Cations meq/L 270.4 202.5 322.4 331.2 55.70 291.2 57.28
Control value nieq/L +0.94 +0.60 -0.82 -0.95 BRT -0.54 -1.68
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C23-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

MODE

REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
RINSE
RINSE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE

WWwww W=

Ca
MG
TH
NA

PROCESS THROUGHPUT CA MG
STREAM Bvy MEQ/L MEQ/L
EFFLUENT 0.00 17,27 8.31
INFLUENT v 75 34,43 26401
EFFLUENT les26 68,36 364,46
EFFLUENT 2.5] 66,87 36,90
INFLUENT 3.33 6,39 16,38
EFFLUENT 4,006 77,84 39,01
EFFLUENT 6,49 54.89 22.96
EFFLUENT 8.94 39,42 14,98
EFFLUENT 12443 64,87 22447
EFFLUENT 0,00 8.28 15464
EFFLUENT 81 5,84 947
EFFLUENT l.62 29 55
INFLUENT 4437 8,53 4412
EFFLUENT 19.31 25 e 44
INFLUENT 34,86 8,08 4e42
EFFLUENT 36499 048 1493
EFFLUENT 54,67 2.44% 6,09
EFFLUENT 62.91 3.79 6455
INFLUENT 66,57 8,13 4444
EFFLUENT 66457 424 654
Service Performance Summary
CYCLE 3.18.09
AVERAGE CONCENTRATIONSy MEQ/L REMOVAL
INFLUENT EFFLUENT DIFFERENCE %
8.25 1.19 7.06 86
4433 2.72 1.60 37
12,58 3,91 B.66 69
41067 52.18 -10.51

CYCLE 3.18.09

195

TH
MEQ/L

25.58
60,644
104.82
101,76
2277
116,86
17.85
54.40
87.34
23492
15,30
«84
12465
70
12.50
2ettl
8.53
10.34
12.58
10.78

RES]

NA
MEQ/L

60.90
208.79
140.50
162.68
297.96
204444
241.84
269.25
347411
297.96
238.36

63.51

4193

53.98

41.15

52450

46411

44485

41493

43,89

N CAPACITY
EQsL

458

«104
563
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FIGURE a- a

MRJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT
CYCLE 3.18.09

FIGURE a-
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CYCLE: 3.18.09
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MODE

BACKWASH
DRAIN 1
REGEN
DRAIN 2
RINSE
SERVICE

ORAIN 3

C24-1

Ion-Exchange - Run 3.18.008B

Date:
Cycle:

Conditions:

Control variables:

Standard resin ped:

6/25/79
3.18.138

Feedwater - Wellton-Mowhawk drainage pretreated
(in Train IV) with high lime dosage for silica removal

Regenerant
Backwash - feedwater

Fresh regeneration conc. (mg/L TDS)

- fresh €D brine

Target
20 000

Fresh regeneration flow rate {(L/min) 5.5

Recycled regenerant flow rate (L/min)
Recycled regenerant volume (L)

None
None

Service termination point (meq/L Ca**) 4 ¢

Height
Volume

1081 mm
98.7 L

Actual

20 620
5.5
None
None
4.6

Chemical Compositions of Tank Waters Prior to Cycle 3.18.13B

pH Conductivity ca*t Mg++ TH
Tank units usS/cm meq/L meq/L  meq/L
Recycle regenerant (T-5) - 24 15 1.0 27.0 6.0
S?ent regenerant (7-6) - 24 919 3.0 2.0 660
LTme-softened feed (T-9) 7. 5 381 . .0 i
Lime softened feed (T-10) 7.3 5 150 9.2 40 13.2
Fresh ED brine (T7-28) 6.4 27 224 6.8 18 -
IX product/ED feed (T-33) 7.1 5 719 - 24 14
Cycle 3.18.13B Operating Conditions
BED
DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPANSION TEMPERATURE
INPUT QUTPUT MIN L Bv L/MIN BV/MIN % c
FEED WASTE 10 240 2443 24.0 «243 43, 27.2
(VENT) WASTE 3 62 063 2067 «209 0.0
FR REGEN WASTE 137 751 T.61 5.47 « 055 5.2 3042
(VENT) WASTE 3 62 63 20,7 «209 0,0
FEED WASTE 10 150 1.52 15,0 «152 0.0
FEED PRODUCT 176 5270 53,4 2949 «303 0,0
(VENT) WASTE 4 41 42 20,7 209 0.0
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C24—2

Fresh Regenerant Volume Balance

Run  3.18.008

Cycle no.
04

05
06
07
08
09
10
1
12
13

Date
6/22/79
6/23/79
6/23/79
6/23/79
6/24/79
6/24/79
6/24/79
6/24/79
6/25/79
6/25/79

Fresh Fresh Estimated
regenerant reqenerant Service ED feed
volume (V3) TDS volume (Vg) DS

L mg/L L mq/L

852 - 6190 3300 -

852 - 5610 3300 -

748 - 5160 3300 -

740 - 5430 3300 -

750 - 4770 3300 -

750 - 5020 3300 -

752 - 43980 3300 -

758 - 5000 3300 -

750 - 4950 3300 -

751 - 5270 3300 -

Influent and Effluent Compositions during Cycle 3.18.13B

pil

108 (E jons)
Conductivity * 25 °C
€. F. {10S/cond.)
Silica

Calcium

Magnes tun

Sodiun

Fotassium
Strontiun
Cicarbonate
Carbonate
Hydroxide
Sulfate

Chioride

Units
units
my/L
uS/em
mg/L
mg/L
mg/L
mg/L
mg/L
mg /L
mg/L
my/L
mg/L
mg/L

mg/L

T-alkalinity as CaC0y mg/L

P-altalinity as CaCO; my/L

£ Anions
1 Cations

Control value

meq/L
meq/L
meq/L

Rinse,
Backwash R ation service Rinse Service

Tnfluent EffTuent Influent Effluent influent effluent effluent

- - 6.3 - 7.3 6.4 7.1
3581 4055 20 615 17 248 3372 17 606 3460

- - 27 216 - 5144 23 502 5437

- - 0.76 - 0.65 0.75 Q.64
4.0 4.0 4.2 4.4 4.0 4.2 3.8
186 185 33.2 1050 180 148 31.2
47.5 56.9 186 268 46.0 136 33.t
1010 1170 7070 4680 959 6030 1162
9.0 10 61 29 8.3 52 12.1
6.0 6.0 1.5 18 2.8 2.1 0.7
43.8 73.2 29.3 97.6 19.5 33.2 17.1
NO NO ND ND ND ND ND

ND ND ND XD ND NO NO
1050 1150 5780 4580 966 4850 990
1220 1400 7450 6520 1186 6350 1210
40.0 60.0 24.0 80.0 16.0 27.2 14.0
ND ND ND ND ND ND NO
57.09 64.65 331.0 280.9 53.90 280.7 55.04
57.49 65.20 3261 279.3 54.76 282.3 $5.15
-0.41 -0.50 +0.94 +0.38 -0.91 -0.35 -0.11
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C24-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

MODE

BACKWASH
BACKWASH
BACKWASH
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
RINSE
RINSE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE

1

Ca
MG
TH
NA

PROCESS THROUGHPUT
STREAM BV
EFFLUENT 0.00
INFLUENT 73
EFFLUENT l.22
EFFLUENT 2443
INFLUENT 3.43
EFFLUENT 4,32
EFFLUENT 6.20
EFFLUENT 8,08
EFFLUENT 10.02
EFFLUENT 0,00
EFFLUENT o 76
EFFLUENT 1,52
INFLUENT 4425
EFFLUENT 14,26
INFLUENT 25,49
EFFLUENT 27,00
EFFLUENT 39.75
EFFLUENT 46.12
INFLUENT 54,91
EFFLUENT 54,91

Service Performance Summary

CYCLE 3.18.138B

CYCLE 3.78.13B

CA
MEQ/L

10,53
9,28
8,98
8453
l1.66

90,32

66,37

50.40

47,90
9.08
5,34

29
8,73
27
9,03
«31
loll
2.99
9,18
4,59

AVERAGE CONCENTRATIONS» MEQ/L

NFLUENT EFFLUE
8,98 1.19
3.79 2.21

12.77 3.40

41,12 52425

NT

DIFFERENCE

T.79
157
9.36
‘11.13

199

MG
MEQ/L

5,31
3.91
4,54
4,435
15,31
50.12
27.16
16.05
14,16
13.83
T.19
b7
3.72
40
3.75
60
3.63
5.47
3.88
5,98

REMOVAL

%

87
42
73

TH
MEQ/L

15.84
13.19
13.53
12.88
16.97
140,44
93453
66,45
62.06
22491
12,53
76
12,45
68
12.79
«92
4.81
8.46
13.07
10,57

NA
MEQ/L

52.20
43.93
49,15
46.98
307.53
187.47
236.19
265.77
287.08
302.74
217.05
60490
40.58
53,63
41.02
54411
S50e4l
46450
41476
44,19

RESIN CAPACITY

EasL

416
«084
500
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FIGURE A- a
MAJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT

CYCLE 3.18.13B
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FIGURE A- b

MAJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS
CYCLE 3.18.13B
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SOOTUM (NA). CRLCIUM (CA), AND MAGNESIUM (MG) CONCENTRATIONS ARE MEASURED BY ATOMIC ABSORPTION.
TBTARL HARONESS (TH) IS CALCULATED BY SUMMING THE CALCIUM BND MAGNESIUM CONCENTRATIONS.
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MODE

REGEN )
REGEN 2
REGEN 3
DRAIN 1
RINSE

SERVICE

DRAIN 2

C25—1

Ton-Exchange - Run 3.19.00

Date:

Cycle:

Conditions:

Control variables:

Standard resin bed:

6/28/79
3.19.09

Feedwater - Welton-Mowhawk drainage pretreated
(in train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Target Actual
Fresh regeneration conc. (mg/L TDS) 20 000 19 4190
Fresh regeneration flow rate (L/min} 5.5 5.4

Recycled regenerant flow rate (L/min) 8.0 8.8
Recycled regenerant volume (L) +4. 800 800
Service termination point (meg/L Ca ) 4.5 4.7
Height = 1081 mm

Volume = 98.7 L

Chemical Compositions of Tank Waters Prior to Cvcle 3.19.09

Tank

Recycled regenerant (T-5)

Spent regenerant (T-6)

Lime-softened feed (T-9)

Lime-softened feed (T-10)

Fresh ED brine (T-28)

IX product/ED feed (T-33)

INPUT

RE REGEN
RE REGEN
FR REGEN
(VENT)
FEED
FEED

(VENT)

pH Conductivity Ca++ Mg++ TH
units uS/cm meq/L meq/t  meg/L

- 24 732 40.0 22.0 62.0

- 24 341 41.0 27.0 68.0
7.1 5 382 10.0 3.6 13.6
7.3 5 362 10.0 3.2 13.2
6.3 25 756 6.4 15.2 21.6
7.2 5759 1.2 2.2 3.4

Cycle 3.19.09 Operating Conditions

QUTPUT

WASTE
SP REGEN
SP REGEN
WASTE
WASTE
PRODUCT

WASTE

MIN

10
91

144

10

180

DURATION THROUGHPUT VOLUME AVG FLOW RATE ExPiEgloN
L BV L/MIN BV/MIN ®
240 2.43 24.0 e243 41,
800 B.11 8.77 «08Y 8.7
781 T.91 S5.42 « 055 3.3
62 063 20.7 209 0.0
150 1.52 15.0 152 0.0
5420 S4.9 30.1 «305 0.0
41 Y 20,7 «209 0.0

201

TEMPERATURE
C

31.0
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Cc25--2

Fresh Regenerant Volume Balance

Fresh Fresh Estimated
regenerant regenerant Service ED feed
Run 3.19.00 volume {V3) TDS volume (Vs) TDS R
Cycle no. Date | ma/L L ma/L % Vy/(3-R)Vg
3.19.03 6/26/79 918 20 240 6040 3300 86 1.07
3.19.04 6/26/79 918 20 240 5610 3300 86 1.14
3.19.0% 6/27/79 918 19 550 5780 3300 85 1.07
3.19.06 6/27/79 785 19 550 5660 3300 85 0.94
3.19.07 6/27/79 776 19 550 5220 3300 85 1.00
3.19.08 6/28/79 780 19 490 5330 3300 85 0.98
3.19.09 6/28/79 781 19 490 5420 3300 85 0.97

Influent and Effiuent Compositions during Cycle 3.19.09

Regen 1, 2 Regen 1 Regen 2 Regen 3 Rinse Service
infiyent effluent  eftiuent Afluent  Effiuent Effluenr  effluent
units

pH units - - - 6.4 - 6.6 1.2
w5 (z fons) mg/L 18 209 13 520 17 884 19 411 18 695 18 145 3529
Conductivity @ 25 OC uS/cm - - - 26 208 - 25 075 § 553
E. F. (TDS/cond.) - - - - 0.74 - 0.72 0.64
Silica mg/iL 5.2 4.6 4.6 4.3 5.2 3.3 2.1
Calcium mg/L 910 1 240 1190 138 890 169 38.6
Magnesium mg/L 359 348 379 193 246 141 38.0
Sodium mg/L 5 210 3070 4 630 6 620 5 500 6 070 1167
Potassium mg/L 37 30 38 72 45 54 13.0
Stroatium mg/L 19 19 19 1.8 16 2.9 Q9.7
Bicartonate mg/l 48.8 48.8 63.4 22,0 73.2 23,9 17.1
Carbonate mg/L ND ND ND ND ND ND ND
Hydroxide mg/L ND ND NO ND NO [} NO
Sulfate mg/L 4 400 3 440 4 160 5 100 4 100 5 000 1 050
Chloride mg/L 7220 5 320 7 460 7 260 7 820 6 670 1202
T-alkalinity as CaCOy mg/L 40.0 40.0 §2.0 22.0 60.0 19.6 14.0
P-alkalinity as CaCQ; mg/L ND ND ND ND ND ND ND
£ Anfons meq/L 296.1 222.5 296.4 1.4 307.2 292,7 55.78
£ Cations meq/L. 302.9 225.2 293.4 312.6 305.4 285.8 56.16
Control value weg/L -1.45 -0.76 +0.64 -0.24 +0,37 *1.49 -0.39
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C25-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 3.19.09

PROCESS THROUGHPUT CA MG
MODE STREAM BV MEQ/L MEQ/L
REGEN 1 EFFLUENT 0,00 21.96 947
REGEN 1 EFFLUENT l.22 B2.34 41,07
REGEN 2 EFFLUENT 2643 77.35 38,68
REGEN 2 INFLUENT S.72 45,41 29.55
REGEN 2 EFFLUENT 6.61 54,439 30.95
REGEN 3 EFFLUENT 10.52 48,40 28.8Y
REGEN 3 INFLUENT 11.45 6.89 15.88
REGEN 3 EFFLUENT 12.44 50.90 28 .89
REGEN 3 EFFLUENT 14,37 45,91 20491
REGEN 3 EFFLUENT 16,40 39,42 15,14
REGEN 3 EFFLUENT 18.43 39,62 13.91
RINSE EFFLUENT 0.00 8,708 14,24
RINSE EFFLUENT 76 Te9H 10.78
SERVICE EFFLUENT 1.52 «37 «63
SERVICE INFLUENT 4427 9,58 4e23
SERVICE EFFLUENT 8.23 «32 «46
SERVICE EFFLUENT 14,94 31 46
SERVICE EFFLUENT 21,65 32 48
SERVICE EFFLUENT 28,37 «37 o T4
SERVICE EFFLUENT 41,79 1.42 4,38
SERVICE EFFLUENT 48,50 3.24 6,37
SERVICE EFFLUENT 55.82 4,69 6445
SERVICE INFLUENT 56,43 9.53 4.16
SERVICE EFFLUENT 56.43 4,74 6.40

Service Performance Summary
CYCLE 3.19.09
AVERAGE CONCENTRATIONS, MEQ/L REMOVAL
INFLUENT EFFLUENT DIFFERENCE %

CA 9,56 1.25 8,31 87

MG 4,20 2.46 1.73 41

TH 13,75 3.71 10.04 73

NA 40.82 50.77 "9.95
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TH
MEG/L

3l.42
123.41
116,03

14,96

85.34

77.29

22077

719,79

66,81

54,57

53.83

23.02

16,77

« 99
13.81
o718
o 77
«80
1.11
5.80
9.61

11.14

13.70

1l1.14

NA
MEQ/L

60.46
148.76
181.82
226.62
210.53
215,31
287.95
237.93
247493
257494
255.76
284447
251441

61.77

41 .24

53.68

53.46

52,81

52.20

47.06

46.67

42.32

40.41

4] .84

RESIN CAPACITY

EQ/sL

2456
« 095
552
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MODE

REGEN 1
REGEN 2
REGEN 3
DRAIN 1}
RINSE

SERVICE

DRAIN 2

c26—1

Ion-Exchange - Run 3.20.10

Date: 772779
Cycle: 3.20.10
Conditions: Feedwater - Wellton-Mowhawk drainage pretreated

(in train IV) with high lime dosage for si1lica removal
Regenerants - recycled regenerant and fresh ED brine

Target Actual

Control variables: Fresh regeneration conc. (mg/L TOS) 20 000 19 600
Fresh regeneration flow rate (L/min) 5.5 5.6
Recycled regenerant flow rate {L/min) 24.0 23.1
Recycied regenerant volume (L) ++. 800 805
Service termination point (meq/L Ca ') 4.5 4.6
bed: Height = 1081 mm
Standard resin Volume = 98.7 L

Chemical Compositions of Tank Waters Prior to Cycle 3.20.10

pH Conductivity e Mg"t mw

Tank units us/cm meq/L.  meg/L  meq/L
Recycled regenerant (7-5) - 24 552 47.0 25.0 72.0
Spent regenerant (T-6) - 24 397 90.0 20.0 110.0
Lime-softened feed (T-9) 7.2 5 299 9.2 4.4 13.6
Lime-softened feed (T-10) 7.3 5 242 9.2 4.4 13.6
Fresh ED brine (T-28) 6.2 26 201 6.4 13.6 20.0
IX product/ED feed (T-33) 7.2 5 642 1.2 2.4 3.6

Cycle 3.20.10 Operating Conditions

DURATIUN THRQUGHPUT VOLUME AVG FLOW RATE EXP?E?ION TEMPERATURE

INPUT ouTPUT MIN L 8v L/MIN  BV/MIN % c

RE KEGEN  WASTE 10 235 2.38 23,5 +238 41, 29.4

RE KEGEN  SP REGEN 35 805 8.16 23.1 «234 41, 2949

FR REGEN SP REGEN 173 97 9.78 5.58 .057 3.6 32,0
(VENT) WASTE 3 62 '63 20.7 +209 0.0

FEED WASTE 10 150 1,52 15.0 .152 0,0

FEED PRODUCT 200 5960 60,4 29.8 «302 0.0

{VENT) WASTE 2 4l 42 20,7 209 0,0
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C26-—-2

Fresh Regenerant Volume Balance

Fresh Fresh Estimated
regenerant reqenerant Service ED feed
Run 3.20.00 volume (V3) T0S volume (Vg) T0S R
Cycle no. Date L mg/L L mg/L X Vi/(1-R)Ve
03 6/30/79 952 19 280 5850 3300 85 1.08
04 6/30/79 952 19 280 6080 3300 85 1.04
05 6/30/79 952 19 280 5820 3300 85 1.09
06 7/1/79 952 19 280 5850 3300 85 1.08
07 7/1/79 952 19 280 5940 3300 85 1.07
08 771/79 943 19 280 5630 3300 85 1.12
09 7/2/79 952 19 777 5680 3300 85 .
10 7/2/79 965 19 777 5960 3300 85 .1

pH

1ps (£ ions)
Conductivity 8 25 oC
E. F. (TDS/cond.)
Silica

Calcium

Magnesium

Sodium

Potassium

Strontium
Bicarbonate
Cartonate

Hydroxide

Sulfate

Chloride
T-alkalintty as Cal0y
P-alkalintty as CaC0,
L Anfons

£ Cations

Control value

Influent and Effluent Compositions during Cycle 3.20.10

Rinse,

Units

;:::: - - - 6.2 - 7.1 6.3
mg/L 18 235 13 593 17 870 19 604 19 2 31393 18 236
uS/cm - - - 26 110 - 5§13 24 592

- - - - 0.75 - 0.66 0.74
mg/L 3.8 3.2 3.8 3.9 3.6 3.4 3.6
mg/L 930 1 180 1 240 137 930 182 149
mg/L 298 342 31 171 224 $3.0 146
mg/L 5 200 3 190 4710 6 700 5710 935 6 290
mg/L 32 26 30 68 kL] 8.6 63
mg/L 18 19 21 2.0 16 2.8 2.5
mg/L 73.2 73.2 73.2 22.0 n.2 13.7 22.0
mo/L D D D NO o N "
mg/L KD ND ND ND LU ND XD
ma/L 4 260 3 260 4 060 5 090 5 020 1014 4 880
mg/L 7 420 5 500 7 360 7410 7 300 1 180 6 680
mg/L 60.0 60.0 60.0 18.0 60.0 11.2 18.0
ma/L ND ND ND O L [ ]
meq/L 299.3 224.3 293.4 315.4 Ni.6 $4.6) 290.8
meq/L 298.3 226.9 298.6 34 314.5 $4.40 /7
nea/t +0.20 -0.74 -1.12 +0.26 0.59 0.25 -0.9)
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Service
effluent

7.1

3 480
5 459
0.64
3.4
36.5
44.3
1 140
13.6
0.7
17.1
ND
ND

1 008
1216
14.0

§5.58
§5.42
+0.17



C26--3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

MODE

REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
RINSE
RINSE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE

WwWwww W N -~

CA
MG
TH
NA

PROCESS
STREAM

EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT

CYCLE 3.20.70

THROUGHPUT Ca

Bv

0.00
1.19
2.3b
4.26
6.13
10.58
12,34
13.01
15.45
17.88
204,36
0.00
o716
l.02
4.24
16,01
23.26
30450
45.00
52.24
59.49
61,90
61.90

MEQ/L

31.44
67 .86
72.36
46,41
S57.88
50.90
6,84
53,89
47,41
39,42
38,42
&,08
6.99

31
9,03

-]
8,98

«31
1.14
2e40
4,09
8,94
4,59

MG
MEQ/L

13.33
33.25
36,769
24,53
29.47
27.26
14.07
26.58
16463
11.85
11.77
13,17
9.88
«50
4,39
o4l
4449
«60
4,63
6437
6.76
4439
6.80

Service Performance Summary

CYCLE 3.20.10

AVEKAGE COMCENTRATIONSs MEQ/L
INFLUENT EFFLUENT DIFFERENCE
9.00 1.09 Te91
4e42 2.8 1.84
13.42 3.67 9.75
404,89 51.25 ~10.36
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REMOVAL

%

88
42
73

TH
MEQ/L

44,77
101.1¢2
109.15

70.93

87,35

78.14

20.91

80.48

64,03

5l.27

50.19

21.25

16,86

.82
13.42
69
13,47
92
S.T7
8.77

10,85

13.37

11.39

NA
MEQ/L

79.16
151.81
177.90
226419
213.14
220,10
291.43
245,76
255,76
264 .46
267.07
289,69
256463

60,46

40.80

$3.85

41.28

52,81

48.24

45.24

42.89

40.58

42,71

RESIN CAPACITY
EQ/L

w477

o111
589
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FIGURE A- a

MRJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT
CYCLE 3.20.10
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concentrations, meq/L
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FIGURE a- b
MAJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS

CYCLE 3.20.10
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concentrations, meq/L
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BED VOLUMES

SODIUM (NR)., CALCIUM (CR)., AND MAGNESIUM (MG) CONCENTRATIONS RRE MEASURED BY ATOMIC ABSORPTION.
TOTAL HARONESS (TH) IS CRLCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRATIONS.
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MODE

BACKWASH
DRAIN 1
REGEN 3
DRAIN
RINSE
SERVICE

DRAIN

C27—-1

Ion-Exchange - Run 3.18.00E

Date:
Cycle:

Conditions:

Control variables:

Standard resin bed:

7/9/79
3.18.21E

Feedwater - Wellton-Mowhawk drainage pretreated

(in train IV) with high lime dosage for silica removal
Regenerant - fresh ED brine plus 100 mg/L SHMP

Source of backwash - IX feedwater

Target Actual
Fresh regeneration conc. (mg/L TDS) 20 000 21 820
Fresh regeneration flow rate (L/min) 5.5 5.4
Recycled regenerant flow rate (L/min) None None
Recycled regenerant volume (L) +4, None None
Service termination point (meq/L Ca ) 4.5 4.1

1081 mm
98.7 L

Height
Yolume

"ou

Chemical Compositions of Tank Waters Prior to Cycle 3.18.21E

Tank

Lime-softened feed (7-9)

Lime softened teed (7-10)

Fresh ED brine (7-28)

IX product/ED feed (T-33)

pH Conductivity ¢t  Mg™

units uS/cm meq/L  meq/L  mea/L
7.2 5 146 9.6 4.4 14.0
7.3 5 151 9.4 4.2 13.6
6.3 28 792 6.0  16.0 22.0
7.1 5 557 0.88 2.1 3.0

Cycle 3.18.21E Operating Conditions

DURATION
QuUTPUYT MIN
WASTE 10
(VENT) WASTE 3
FR REGEN WASTE 136
(VENT) WASTE 3
FEED WASTE 10
FEED PRODUCT 189
(VENT) WASTE 2

THROUGHPUT VOLUME AVG FLLOW RATE EXPE§SION TEMPERATURE
L Bv L/MIN  BV/MIN % c
240 2,43 24.0 0243 30. 27,5
62 .63 20,7 . 209 0.0
735 T.45 5440 . 055 1.1 30.4
62 63 20,7 «209 0.0
150 1.52 15,0 «152 0.0
5630 57.5 30.1 «304 0,0
41 62 20.7 «209 0.0
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C27—-2

Fresh Regenerant Volume Balance

Fresh Fresh Estimated
regenerant regenerant Service ED feed
Run 3.18.00F volume (V)  TDS volume (Vs) DS R
Cycle no, Date L mg/L L mg/L A Va/(1-R)Vs

16E 7/1/79 748 22 050 12 590 3300 87 0.45
17 7/8/79 748 22 050 6 040 3300 87 0.95
18E 1/8/79 748 22 050 5 270 3300 87 1.08
19€ 7/8/79 748 22 050 5 240 3300 87 1.09
20E 7/9/7% 748 22 150 5 590 3300 87 1.03
21t 7/8/7% 735 22 150 5 680 3300 87 1.00

Influent and Effluent Compositions during Cycle 3.18.21E

BW, rinse
e TS e A v N
Units

pH units - 6.1 - 7.3 6.5 1.2
105 (2 ions) mg/L 3 626 21 822 18 086 3259 18 028 3368
Conductivity & 25 OC wS/cm - 28 846 - § 263 24 795 5 469
€. F. (T0S/cond.) - ~ 0.76 - 0.62 0.73 0.62
Sflica mg/L 4.6 4.2 4.8 3.5 4.3 3.9
Calcium mg/L 163 120 1150 167 123 29.8
Magnesium mg/L 61.4 185 251 52.8 122 390
Sodium mg/L 937 7 540 4 870 926 6 230 1114
Potassium mg/t 12 62 29 8.5 51 11.9
Strontium mg/L 5.0 1.5 18.0 2.9 2.0 0.7
Bicarbonate mg/L 63.4 29.3 3.2 20.0 25.9 19.0
Carbonate mg/L ND ND ND NO ND NO
Hydroxide mg/L ND ND ND NO ND ND
sulfate mg/L 1035 5 780 5 150 910 4 850 980
Chloride mg/L 1285 8 100 6 540 1168 6 620 1170
T-alkalinity as CacO; mg/L 52.0 24.0 60.0 16.4 21.2 15.6
P-alkalinity as CaCOy mg/L o ND No ho No No

§8.85 349 .4 292.9 s2.23 288.2 $3.13
T Antons meq/L
T Cations meq/L 56.97 350.8 291.0 53.2¢ 288.5 53.48
Control value neq/L +1.84 -0.25 +0.42 -1.10 -0.07 40,26
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Cc27-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 3.18.21E

PROCESS THROUGHPUT CA MG TH NA
MODE STREAM Bv MEQ/L MEQ/L MEG/L MEQ/L
BACKWASH EFFLUENT 0,00 9.48 5.42 14.90 46,59
BACKWASH EFFLUENT 1.22 7.88 4094 12.82 43.06
REGEN 3 EFFLUENT 2443 7.68 4,79 12447 42,11
REGEN 3 INFLUENT 3.36 5.99 15,23 21.21 327,97
REGEN 3 EFFLUENT 4,29 99,30 48,81 l4s.11 200.96
REGEN 3 EFFLUENT 6,15 70.86 23.05 93.90 249,24
REGEN 3 EFFLUENT B.02 54,39 13.74 68.14 279,25
REGEN 3 EFFLUENT 9.88 47,90 12,18 60,09 295.35
RINSE EFFLUENT 0,00 8,18 14.3¢ 22.50 322.31
RINSE EFFLUENT 716 4414 5.96 10.10 214444
SERVICE EFFLUENT 1.52 23 40 b2 56.24
SERVICE INFLUENT 4.26 8.23 4,31 12,55 40.15
SERVICE EFFLUENT 14.92 22 «35 57 53.46
SERVICE INFLUENT 2l,.,62 8.24 4431 12,60 39.80
SERVICE EFFLUENT 28,31 24 43 «67 53.24
SERVICE EFFLUENT 41,71 o 75 3.09 3.83 49.24
SERVICE EFFLUENT 48,41 1.79 Se44 7.23 45,63
SERVICE EFFLUENT 55,11 3,39 6.50 9,90 43,15
SERVICE INFLUENT 59.07 8.38 4,32 12.70 39,80
SERVICE EFFLUENT 59,07 4409 6.60 10.69 41.93
Service Performance Summary
CYCLE 3.18.21E
AVERAGE CONCENTRATIONSs MEQ/L REMOVAL RESIN CAPACITY
INFLUENT EFFLUENT DIFFERENCE % EQ/L
CA 8,30 93 T.37 89 b4
MG 4432 223 2.09 48 «120
TH 12.62 3.16 9446 75 544
NA 39.92 50.73 -10.82
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REGEN ]
REGFN 2
REGEN 3
DRAIN 1
RINSE

SERVICE

DHAIN 2

c28—1

Ion-Exchange -~ Run 3.21.00

Date:
Cycle:

Conditions:

Control variables:

Standard resin bed:

8/2/79
3.21.56

Feedwater - Wellton-Mowhawk drainage pretreated

(in train IV) with high 1ime dosage for silica remova]
Regenerants - recycled regenerant and fresh ED brine

Target
Fresh regeneration conc. {mg/L TOS) 35 000
Fresh regeneration flow rate (L/min) 3.0
Recycled regenerant flow rate (L/min) 16.0
Recycled regenerant volume (L) 4. 1 600
Service termination point (meq/L Ca ') 3.0

1081 mm
98.7 L

Height
Yolume

Actual

33 880
3.0
16.1
1588
3.0

Chemical Compositions of Tank Waters Prior to Cycle 3.21.56

Tank
Recycled regenerant (7-5)
Spent regenerant (T-6)
Lime-softened feed (T7-9)
Lime-softened feed (T-10)
Fresh ED brine (T-28)

IX product/ED feed (T-33)

INPUT ouUTPUT MIN
RE REGEN NASTE 10
RE REGEN SP REGEN 99

FR HEGEN SP REGEN 202

pH Conductivity Ca++ Mg++ TH
units uS/cm meq/L meq/L meq/L
- 37 701 45.0 34.0 79.0
- 37 964 46.0 439.0 95.0
7.2 5 252 9.8 3.2 13.0
7.2 5 19 9.6 3.0 12.6
6.4 42 416 5.0 16.6 21.6
6.9 5 682 0.40 1.08 1.48
Cycle 3.21.56 Operating Conditions
BEUL
DUKATION THROUGHPUT VOLUME  AVG FLOW RATE EXPANSION
L Bv L/MIN  BvV/MIN »
25¢ 2455 £5.2 «255 33,
1500 16.1 16,1 «163 17,0
60> 6,13 3.o00 «030 3.0
(VENT) WASTE 3 62 .63 20.7 .209 0,0
FEED WASTE 10 1590 l.5¢ 15,0 152 0.0
FEED PRODUCT r43-] 7470 T4 7 30.1 305 0.0
(VENT) WASTE 2 41 4?2 20.7 «209 0.0
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C28-2

Fresh Regenerant Volume Balance

R

-~

93
92
92
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Fresh Fresh Estimated
regenerant reqgenerant Service ED feed
Run 3.21.00 volume (V3)  TDS volume (Vsg) T0S
Cycle no. Date L mq/L L mg/L
23 7/17/79 450 39 950 8 100 3 300
24 7/18/79 450 33 730 7 320 3 300
25 7/19/79 454 34 020 6 830 3 300
26 7/19/79 454 34 020 6 690 3 300
27 7/20/79 452 33 940 2 720 3 300
43 7/27/79 445 32 720 8 050 3 300
44 71/27/79 448 32 720 6 720 3 300
45 7/28/79 455 32 720 6 600 3 300
45 7/28/79 495 32 720 7 060 3 300
47 7/28/79 458 32 720 6 540 3 300
48 7/29/79 452 32 720 6 830 3 300
49 7/29/79 453 32 720 6 870 3 300
50 7/30/79 700 33 770 8 030 3 300
7/30/79 699 33 770 7770 3 300
52 7/31/79 700 33 710 7 580 3 300
53 7/31/79 701 33 710 7 450 3 300
54 8/1/7% 600 33 630 7 260 3 300
55 8/1/7% 604 33 630 7 650 3 300
56 8/2/79 605 33 350 7 370 3 300
Influent and Effluent Compositions during Cycle 3,21.56
Rinse &
Regen 1, 2 Regen 1 Regen 2 Regen 3 seryice
influent effluent effluent influent {nfluent
Units
pH units - - - 6.5 7.2
108 (£ ions) mg/L 29 3 20 581 28 156 33 881 3 360
Conductivity @ 25 °C  yus/cm - - - 42 725 § 234
E. F. (T0S/cond.) - - - - 6.79 0.64
Silica mg/L 2.6 2.4 2.2 2.3 1.7
calcium mg/L 880 1530 1330 97 189
Hagnes ium mg/L 474 475 512 198 36.9
Sod fun mg/L 9 140 5 080 8 140 11 860 946
Potassium mg/L 49 3 45 105 8.3
Strontium mg/L 21 25 24 1.2 2.6
Bicarbonate mg/L 24.4 97.6 102.5 36.6 17.6
Carbonate mg/L ND ND ND ND ND
Hydroxide mg/L ND ND ND ND ND
Sulfate mg/L 6 400 4 740 6 100 9 500 V010
Chloride mg/L 12 320 8 600 1 %00 12 080 1148
T-alkalinity as CaCOy; mg/L 20.0 80.0 84.0 360.0 14.4
p-alkalinity as CaCO; mg/L ND NO ND ND ND
T Anfons meq/L 481.26 342.94 464.44 539.26 3.1
£ Cations meq/L 482.22 337.76 464.27 §39.79 53.89
Control value nea/L -0.13 40,95 +0.02 -0.06 -0.19

214

Rinse Service
effluent effluent
6.8 7.0
22 463 3612
29 390 § 735
0.76 0.63
1.3 1.8
109 12.8
110 20.1
7 830 1259
70 13.0
2.4 0.3
29.8 17

ND ND
ND ND
6 950 1110
7 360 1178
4.4 14.0
ND NO
352.88 $6.63
356.91 57.40
-0.72 -0.78



C28-3

Major Cation Concentrations of Samples Analyzed by Atomic Abosorption

~

CYCLE 3.21.56

PROCESS THROUGHPUT CA MG
MODE STREAM Bv MEQ/L MEQ/L
REGEN 1 EFFLUENT 0.00 34,43 16.71
REGEN 1 EFFLUENT 1.28 93,30 49.96
REGEN 2 EFFLUENT 255 8,30 50.70
REGEN 2 INFLUENT 6.46 43.91 3901
REGEN 2 EFFLUENT 10.69 53.59 37.80
REGEN 3 EFFLUENT 18,66 45,91 36.95
REGEN 3 INFLUENT 19.45 4404 16430
REGEN 3 EFFLUEMNT 20.20 52.89 42,63
REGEN 3 INFLUENT 2l.7% 4,79 18.02
REGEN 3 EFFLUENT 23.2Y 35.9¢2 18.27
REGEN 3 EFFLUENT 24,78 39,92 17.20
RINSE EFFLUENT 0.00 Te04 15.72
RINSE EFFLUENT .76 8.ad 11477
RINSE EFFLUENT 1.52 23 o4 U
SERVICE EFFLUENT l.92 22 o4 {
SERVICE INFLUENT 4,26 9,48 3.14
SERVICE EFFLUENT 10.66 10 el6
SERVICE EFFLUENT 19.51 09 ol6
SERVICE INFLUENT 36.26 Y. 358 3.20
SERVICE EFFLUENT 38,09 o1l 17
SERVICE EFFLUENT 56,38 .18 1.03
SERVICE EFFLUENT 65,527 o 7Y 4.0¢2
SERVICE INFLUENT T76.19 Y.43 3.29
SERVICE EFFLUENT T6.169 2.9 6e01
Seryice Performance Summary
CYCLE 3.21.56
AVERAGE CONCENTRATIONSy MEQ/L REMOVAL
INFLUENT EFFLUENT DIFFERENCE %
CA 9,43 042 9.01 96
MG 3,20 1.27 1.93 60
TH 12.63 1.09 10.94 87
NA 39,94 52.78 ~12.84

215

TH
MEW/L

5le.1l4
149,26
149,00
bza92
$1.75
2.8k
Zle14
65,853
2c.82
56.19
87.12
23.16
20.2%
063
«63
l2.62
e 26
«25
12.56
28
l.21
4.61
12.68
9.00

NA
MEQ/L

94,82
259,68
308.39
397.56
377.12
376.6Y
515.88
434.54
513.70
447459
464455
507.18
428.01

82.95

83.51

39.36

52.28

52.46

40.19

52.07

51.24

47.98

40.28

43,45

RESIN CAPACITY

EQ/L

o673
J144
817
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FIGURE A- a

MRJOR CATION CONCENTRATIGNS
OF IX REGENERATICON EFFLUENT
CYCLE 3.21.56

FIGURE a- »

MARJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS
CYCLE 3.21.56

o Calcium Avg. influent 507 o Calcium Avg. influent
o Magnesium concentrations, meq/L 3 428 5 Magnesium concentrations, meg/L
A Total hardness " Reg 1,2 Reg 3 "R 20.2A Total hardness Ca:: 9.43
o Sodium Ca,, 43.9 4.84 15.7 & Sodium Mg 3.20
Mg 39.0 16.3 TH, 12.6
TH,  82.9 21.1 < Na 39.9 Lo
2 Na' 398 516 N =
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Reg ll"‘ Reg 2 -|'qu 3 _ﬁ o é%
o | | T N o | 1 o
0 7 28 0 20 60 80

14
BED VOLUMES

40
BED VOLUMES

SODIUM (NR) , CALCIUM (CR), AND MAGNESIUM (MG) CONCENTRATIONS ARE MEASURED BY ATOMIC ABSORPTION.
fOTRL HARDNESS (TH} IS CRLCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRATIONS.
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REGEN ]
KEGEN 3
ORAIN ]
RINSE

SERVICE

DHAIN 2

C29-1

Ton~Exchange ~ Run 3.22.00

Date: 8/6/79
3.22.12

Cycle:

Conditions:

Feedwater - Wellton-Mowhawk drainage pretreated

(in train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Target  Actual
Control variables: Fresh regeneration conc. {mg/L TDS) 35 000 33 780
Fresh regeneration flow rate (L/min) 8.0 7.7
Recycled regenerant flow rate (L/min)  None None
Recycled regenerant volume (L) ++. None None
Service termination point {meq/L Ca ) 3.0 2.9

Chemical Compositions of Tank Waters Prior to Cycle 3.22.12

Tank
Recycled regenerant (T1-5)
Spent regenerant (T-6)
Lime-softened feed (7-9)
Lime-softened feed (T-10)
Fresh ED brine (T-28)

IX product/ED feed (T-33)

pH Conductivity catt Mg++ TH
units uS/cm meq/L meq/L meg/L
- 36 828 54.0 40.0 94.0
- 36 502 53.0 47.0 100.0
7.5 5 156 9.4 3.6 13.0
7.6 5 165 9.2 4.2 13.4
6.3 41 664 7.0 17.0 24.0
7.3 5 776 0.64 1.04 1.68

Cycle 3.22.12 Operating Conditions

DURATIUN
INPUT ouTPUT MIN
RE KtueN WASTE v
FM REGEN SP REGEN 68
(VENT) WASTE 3
FEED WASTE 10
FLED PROVDUCT lbo
(VENT) WASTE 2

THROUGHPUT VOLUME
L

. 247
BTy
ol
13¢2
49¢6

41

217

BED
AVG FLOW RATE  EXPANSION

By L/MIN BV/MIN 13
XIS 2u,7 « 246 32,
Del7? T.6b $076 S.7
«0¢ 20.7 «205 Oeb
1.31 13,2 «131 0.0
49,0 €645 « 263 [
YA 20,7 «209 0.0

TEMPERATURE
C

293

3d.¢



Run

pH

708 (z ions)
Conductivity 8 25 OC
€. F. (T0S/cond. )
Stlica

Calcium

Hagnesium

Sodium

Potassium

Strontium
Bicarbonate

Carbonate

Hydroxide

Sulfate

Chlorige

T-alkalinity as CaCl,
P-alkalinity as CaC0,
L Anions

T Cations

Control value

3.22.00
Cycle na.

04
05
06
07
08
09
10
1

12

Cc28-2

Fresh Regenerant Volume Balance

Fresh Fresh Estimated
regenerant reqgenerant Service ED feed
volume (V3) TDS volume (Vg) T0S R
Date L mg/L L mg/L X Vy/(0-R)Ve
8/3/79 518 32 910 6 120 3 300 91 0.97
8/4/79 518 32 910 5 660 3 300 91 1.05
8/4/79 519 32 910 5 640 3 300 91 1.06
8/4/79 520 32 910 5 390 3 300 9) 1.1
8/5/79 520 32 910 5770 3 300 9 1.04
8/5/79 521 32 910 5 820 3 300 N 1.03
8/5/79 521 32 910 5 530 3 300 91 1.08
8/6/79 520 33 430 5 800 3 300 91 1.04
8/6/79 520 33 430 5 580 3 300 91 1.08

Influent and Effluent Compositions during Cycle 3.22.12

Units
units
mg/L

uS/em

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
meq/L
meq/L
meq/L

Reqen 1
nfluent uent

27 517

2.4
1 000

8 410
59

26
73.2
ND

ND

S 180
12 340
60.Q
HD
457. 1
457.82
-q.08

21 424

2.4

1 690
525

5 180
46

28
92.7
NO

ND

4 260
9 600
76.0
ND
361.07
354.66
+1.12

218

6.2
33775
43 921
0.77
2.3
107
163
1 830
107

24.4
ND

ND

9 480
12 060
20.0
ND
538.08
§36.12
+0.23

Regen 3
uent

TnfTuent

29 736

2.4

1 620
421

8 410
56

29
97.6
ND

NO
7180
11 920
80.0
ND
487.42
483.40
+0.52

Rinse &

service Rinse Service

influent effluent effluent
7.3 6.6 1.3
3 22 328 4 244
5 302 29 582 6 688
0.62 0.75 0.63
2.1 2.3 2.6
180 185 18.9
41.7 90.7 22,2
923 7610 1 437
8.5 12 4.5
2.9 3.2 0.5
20.5 24.9 22.0
RD ND ND
ND ND ND
958 7 590 1 566
P ) 6 750 1160
16.8 20.4 18.0
ND NO NO
53.41 348.92 65.70
52.85 349.64 65.66
+0.60 -0.13 +0.04



Cc29-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

MODE

REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
RINSE
RINSE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE

W WwwWwwrr——

CA
MG
TH
NA

PROCESS
STREAM

EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT

CYCLE 3.22.12
THRQUGHPUT  CA

Bv

0.00
o 74
l.23
2.46
3.14
3,68
4490
6.12
7.65
Va0
W66
l.31
3.68
7.63
24.74
26.59
39,22
495,54
50.¢8
50.¢8

MEQ/L

57.39
49,90
94,81
106,29
He3%
111.78
717 .54
99,356
YUa90
l4.22
l1.53
«64
Y,23
el6
ol
Yed
ol4
iS5
leal
Yelas
2ebY

MG
MEQ/L

29.71
40400
49,7y
53.09
13442
51.306
33.17
2200
1.1l
12.92
BelU
lebl
3.46
15
olb
3,38
elbt
1.53
3.72
3.4c¢
4,490

Seryice Performance Summary

CYCLE 3.22.12

AVERAGE CONCENTRATIONSs MEQW/L
INFLUENT EFFLUENT DIFFERENCE
.20 51 Be.bY
Jetc 1.15 2.27
12.6¢ le66 10+90
40.15 57'05 ‘lbogJ

219

REMOVAL

%,

°

9%
66
u7

TH
MEQ/L

6§7.10
89,90
144.60
159,37
lo.75
le3,.,13
111.01
b2e.l8
b9'01
27414
19.72
Ce25
le.069
«31
26
12.01
032
1.98
5613
12.56
T7.79

NA
MEQ/L

157,89
365.81
240,54
285434
514457
375.38
415.83
435.84
482.38
371.90
143.98
40.37
53.02
52.81
39.93
52450
50.0?
47.02
40.15
454,006

RESIN CAPACITY

EG/L

426
o111
537
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FIGURE A- a FIGURE A- b
MAJOR CATION CONCENTRATIONS MRJOR CATION CONCENTRATIONS OF
OF IX REGENERATIGCN EFFLUENT IX RINSE AND SERVICE EFFLUENTS

CYCLE 5.22.12 CYCLE 3.22.12
o Calcium Avg. influent 482 o ., o Calcium Avg. influent
O Magnesium concentrations, meq/L 27,14y 14 ;O Magnesium CO"CEZE”“‘)“S’ meq/L
ATotal hardness et g_g%l 8%9_3% 14.2 “"ATotal hardness Ca,, 9.20
. a . . . M 3.42
O Sodium Mgt 400 1312 129 11,50 Sodium 126
TH,  89.9 18.8 Na"  40.2 S 9
O Na 366 515 -] = W
N ies) -
o S
b Ll
* = -
< ~ oc
b — N
N E oz’)
)
czj ?f Rinse 9,
& G |’ Service «I ~CE
—ON o= 0T
T = =
z 5 2
O (I
< —_— e O
L s zZ
%N = o0
o Q) @
- = zZ
T N
@
© 4 —5
R 1 i 1
o = 1) o
§ 4 6 a 0 13 26 39 52
BED VOLUMES BED VOLUMES

SODTUM (NA), CALCIUM (CA)., AND MAGNESIUM (MG) CONCENTRATIONS ARE MEAQSURED BY ATOMIC RB8SGRPTION.
[OTAL HARDNESS (TH) IS CRLCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRATIONS.
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MODE

REGEN )
REGEN 2
REGEN 3
DRAIN 1
RINSE

SERVICE

DRAIN 2

INPUT

(VENT)
FEED
FEED

pH Conductivity ~ca*? Mg++ TH
Tank units uS/cm meq/L meq/L  meq/L
Recycle regenerant (T7-5) - 39 794 38.0 380 76.0
Spent regenerant (T-6) - 39 541 43.0 37.0 80.0
Lime-softened feed (T-9) 7.4 5 090 9.0 4.0 13.0
Lime softened feed (T-10) 7.5 4 980 8.4 4.4 12.8
Fresh ED brine (7-28) 6.9 43 665 6.8 21.2 28.0
IX product/ED feed (T-33) 7.4 5 381 0.40 1.60 2.00
Cycle 3.23.33 Operating Conditijons
BED
DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPANSION
QUTPUT MIN Bv L/MIN BV/MIN %
RE REGEN WASTE 10 2646 2445 24,6 «245 33,
RE REGEN SP REGEN 49 794 T.89 16,2 el61 19,
FR REGEN SP REGEN 136 750 Teb6 5.51 + 0S5 4,2
WASTE 3 62 62 20,7 205 0,0
WASTE 10 128 1.27 12.8 127 0.0
PRODUCT 336 8650 8640 25,7 «256 0,0
WASTE 2 4l 42 20.7 «209 0.0

(VENT)

C30-1

Ion-Exchange - Run 3.23.00

Date:

Cycle:

Conditions:

Contral variables:

Standard resin bed:

8/22/79
3.23.33

Feedwater - Wellton-Mowhawk drainage pretreated

(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Target
Fresh regeneration conc. (mg/L TDS) 35 000
Fresh regeneration flow rate (L/min) 5.5
Recycled regenerant flow rate (L/min) 16.0
Recycled regenerant volume (L) 800
Service termination point (meq/L Cat*) 3.0

Height = 1102 mm
Volume = 100.6L

Actu§l

Chemical Compositions of Tank Waters Prior to Cycle 3.23.33

221

TEMPERATURE
c

27.5
27.5

29.5



Run 3.23.00
Cycle no.

07
08
09
10
n
12
13
4
15
16
17
28
29
30
31
32
33

C30—-2

Fresh Regenerant Volume Balance

Date

8/9/79

8/9/79

8/10/79
8/10/79
8/10/79
8/11/79
8/11/79
8/11/79
8/12/79
8/12/79
8/12/79
8/20/79
8/20/79
8/21/79
8/21/79
8/21/79
8/22/79

Fresh Fresh Estimated
regenerant regenerant Service ED feed
volume (V3) TOS volume (Vg) TDS

L ma/L L mq/L

451 33 560 6 676 3 300

45] 33 560 6 501 3 300

450 33 890 6 070 3 300

451 33 890 5 756 3 300

451 33 890 6 688 3 300

452 33 890 6 088 3 300

650 33 890 6 777 3 300

649 33 390 6 635 3 300

650 33 890 6 937 3 300

650 33 890 7 228 3 300

650 33 890 7 374 3 300

751 33 690 9 275 3 300

751 33 690 9 094 3 300

751 33 820 8 23 3 300

751 33 820 8 693 3 300

750 33 820 7 945 3 300

750 34 340 8 650 3 300

Influent and Effluent Compositions during

A

725 (g ions)
Conductivity 3 25.9C
I, 7. [T3S/cond.)
Sillca

laictua
Yignesium

Scaiun

Patassium
Swrantium
Jicarconate
Cardonate
nydroxide
Suitate

chloride

Units
units
mg/L
ws/cm

mg/L
mg/L
mg/L
mg/L
mg/i
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

T-alkalinity as Cac0, mg/L

P.alxalinity as CaCQyy mg/L

¢ Anions
T Catiens

Control value

meg/L

meq/L

wea/L

Cycle 3.23.33

R

2

9N
91
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92

b e el (DD b etk et P O OOO OO

Vi/(1-R)}Vs

.80
.82
.87
.92
.79
.87
.13
.15
.10
.06
.04
.95
.97
.07
.02
Bl
.04

222

Rinse &
Reqen 1,2 Reqen 1 Regen 2 Regen 3 seryice Rinse Service
Lanticent  eftivent effluent Tnfluent effluent irflyent  effluent effluent

- - - 6.9 - 7.2 1.0- 1.
N 190 22 572 3) 487 34 600 32 574 3 306 24 294 3 502

- - - 4 318.0 - 514.0 . §79.2

- - - 7.9 - 6.4 7.4 6.0
6.2 5.8 5.6 1.2 6.2 2.9 5.0 3.9
930 1 680 1 800 122 1070 173 134 13.4
459 597 566 263 368 48.2 178 N9
9 630 5 390 8 490 12 100 9 800 920 8 350 1 200
57 50 k) 103 68 1.9 54 12.3
2 27 27 1.6 22 .7 2.6 0.9
146.4 122.0 122.0 2.7 141.5 22.0 60.5 2.0
NO ND ND NO ND NO NO NO
NO ND ND ND NO NO NO NO
7 600 $ 660 8 200 9 700 8 600 1012 6 800 1020
12 350 9 040 12 240 12 240 12 500 1116 8 Nno 1196
120.0 100.0 100.0 59.6 116.0 18.0 49.6 18.0
ND NO ND NO ND NO L1 NO
508.82 374.92 §18.10 548,53 534.08 52.92 388.34 55.35
505.01 369.30 507.23 §56.24 512.15 52.88 385.99 §5.99
+0.48 +0.95 +1.34 -0.90 *2.62 +0.04 +0.18 -0.67



C30—-3

Major Cation concentrations of Samples Analyzed by Atomic Absorption

MODE

REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
RINSE
RINSE
RINSE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE

WwWwWwwwmMm NN -

Ca
MG
TH
NA

PROCESS
"STREAM

EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT

CYCLE 3.23.33

THROUGHPUT CA

Bv

0,00
le22
2445
4,38
6.47
10,34
11.27
12.20
14,07
15.93
17.79
0600
64
l.27
1,27
3.58
12.02
22.51
41,96
43,50
64,74
75,23
87,26
87.26

MEQ/L

40,42
115.77
112.28

46,41

74 .85

60,88

5,59

64437

55,39

48,90

53,39

8.38
10.98
«25
040
8,13
205
07
8,13
«06
32
l.15
T7.93
2.54

MG
MEQ/L

25.68
64.61
59,75
37.78
42447
36.87
21465
41,48
27.16
21.23
22.80
21.98
20.91
63
1.24
4411
e19
«20
3.94
W21
3.33
6443
4.02
7435

Service Performance Summary

CYCLE 3.23.33

AVERAGE CONCENTRATIONSy MEQ/L

INFLUENT EFFLUENT DIFFERENCE
8.07 +45 T.62
4402 2.16 1.86

12,09 2.61 9,48
37.31 42.35 "5.04

223

REMOVAL

%

94
46
78

TH
MEQ/L

66.10
180,38
172,03

84,18
117,32

97,75

27.23
105,85

82,55

70,14

76,19

30,36

31.88

+88
1.65
12,24
24
W27
12.08
27
3,66
7.58
11,95
9.89

RESI

NA
MEQ/L

105.26
260455
318.83
418.88
387.56
397.56
526432
374.08
378.43
421.92
413.22
488,04
481.08
76412
76499
37.76
43,93
43,93
37.67
42.19
37.84
33,93
36449
32.62

N CAPACITY
EQ/sL

«655
0160
»815
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1

FIGURE a- a

MRJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT
CYCLE 3.23.33

g Calcium Avg. influent
o Magnesium concentrations, meq/L
A Total hardness ++ Reg 1,2 Reg 3
<O Sodium Ca++ 46.4 5.59
Mg 37.8  21.6
TH+ 84.2 27.2
o Na 419 526
w
o
*
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=
u%
prd
O
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(en
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pd
L
=
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u <

y
———0
] i T
15

o 1
0 5 10
BED VOLUMES

FIGURE a- b

MAJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS
CYCLE 3.23.33

86 Q Ca]ciurp Avg. influent
48] O Magnesium concentrations, meq/L
31.9 ATotal hardness ++
30 <O Sodium Ca 8.07
++
22. Mg 4.02
20.9 ‘ TH 12.1 {
S Na* 373 e
_J =
~
a
L
b

CA, MG, TH CONCENTRATIONS,

T
60

Service

7
ug

1
20
NA CONCENTRATIONS, MEQ/L

i
BED VOLUMES

SODIUM (NR), CALCIUM (CR)., AND MAGNESTIUM (MG} CONCENTRATIONS RRE MERSURED BY ATOMIC RBSORPTION,
TOTARL HARDNESS (TH) IS CALCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRATIONS.
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C31-1

Ion-Exchange - Run 3.24.00

Date:
Cycle:

Conditions:

Contro) variables:

Standard resin bed:

8/25/79
3.24.M

Feedwater - Wellton-Mowhawk drainage pretreated
(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Target
Fresh regeneration conc. (mg/L TDS) 35 000
Fresh regeneration flow rate (L/min) 8.0
Recycled regenerant flow rate (L/min) 16.0
Recycled regenerant volume (L) 1 600
Service termination point (meq/L Cat*) 3.0

Height = 1102 mm
Volume =100.6L

Actual
347360

1
1

8.0
5.5
573
3.1

Chemical Compositions of Tank Waters Prior to Cycle 3.24.11

+

pH Conductivity  ~Ca** Mg H
Tank units uS/cm meq/L meq/L  meq/L
Recycle regenerant (T-5) - 39 506 46.0 41.0 87.0
Spent regenerant (7-6) - 39 472 46.0 41.0 87.0
Lime-softened feed (T-9) 7.4 5 069 7.6 108.4 116.0
Lime softened feed (T-10) 7.4 5 059 7.6 106.4  114.0
Fresh ED brine (T-28) 6.9 43 195 6.4 21,2 27.6
IX product/ED feed (T-33) 7.2 5182 0.40 1.92 2.32

Cycle 3.24.11 Operating Conditions

DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPgsgION TEMPERATURE
MODE INPUT OuTPUT MIN L Bv L/MIN BV/MIN C
REGEN 1 RE REGEN WASTE 10 267 2465 26.7 «265 33, 30,0
REGEN 2 RE REGEN SP REGEN 101 1573 1S.6 15.5 o154 17.0 29,9
REGEN 3 FR REGEN SP REGEN 89 703 6,99 T.92 «079 bob 30.8
DRAIN |} (VENT) WASTE 3 62 62 20,7 «205 0.0
RINSE FEED WASTE 10 126 1.25 12.6 +125 0.0
SERVICE FEED PRODUCT 346 8750 87.0 25.3 251 0.0
DRAIN 2 (VENT) WASTE 2 41 42 20,7 «209 0.0
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C31-2
Fresh Regenerant Yolume Balance

Fresh Fresh Estimated
regenerant reqenerant Service ED feed
Run 3.24.00 volume (V4)  TDS volume (Vg) TDS R
Cycle no. Date | mg/t L mq/L X Vy/(1-R)vg
04 8/23/79 451 32 880 7 860 3 300 9 0.66
05 8/23/79 451 32 880 7 012 3 300 91 0.74
06 8/24/79 450 34 320 7 634 3 300 92 0.70
07 8/24/79 703 34 320 8 599 3 300 92 0.97
08 8/24/79 702 34 320 7.916
3 300

09 8/25/79 702 34 320 8 17 3 300 gg }.82
}? g;gg/;g 705 34 320 8 066 3 300 92 1.04

/ 703 34 110 8 750 3 300 92 0.96

Influent and Effluent Compositions during Cycle 3.24.11

Rinse &
Reqen 1,2 Regen 1 Reqen 2 Regen 3 service Rinse Service
Units Intivent eliluent efriuent Infiusnt e;fluent influent efflyent effl,ace

pH units - - . - 7.0 - 7.4 1.2 7.4
705 (£ ions) mo/L 32181 21 905 29 773 34 360 33 413 3215 23 929 3398
Corductivity @ 25.°C  uS/cm - - - 43251 - 503.7 31930 537.7
£, F. (T05/cond.) - - T - 7.9 - 5.4 7.5 6.3
Siltca mg/L 5.2 4.0 4.0 47 44 44 44 47
Calcium mg/L 1 020 1730 1 360 18 1070 156 240 17.0
Magnesium mg/L 565 612 578 286 457 55.0 203 39.1
Sodium mg/L 9 540 5190 8 610 12 050 10 350 N6 8 040 1150
Potassium mg/L 52 33 49 105 63 8.5 (1} n.6
Strontium mg/L 16 24 20 1.1 17 1.8 3.9 0.1
Bicarbonate mg/L 102.5 na.2 131.8 75.2 131.8 20.0 60.0 234
Carponate mg/L ND NO NO ND NO ND ND ND
Hydroxide mg/ L NO ND ND ND ND NO ND NO
Sulfate mg/L 8 580 4 900 6 840 9 700 8 700 958 6 750 1028
Chloride mg/L 12 300 9 300 12 180 12 020 12 620 1094 8 560 1124
T-alkalinity as CaC0y mg/L 84.0 92.0 108.0 61.6 108.0 16.4 49.2 19.2
P-alkalinity as CaCly, mg/L NO ND KO ND NO ND NO ND

¢ Anions meq/L  527:38 366.26 488.24 542,37 §39.39 s1.14 383.06 $3.50
t Catfens meq/L 514,06 63,83 491.65 556.30 543.2) 52.41 380.24 54.39
Control value meg/L  +1.61 +0.42 -0.44 -1.64 -0.45 -1.41° ¢ +0.47 -0.94
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Cc31-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 3.24.1

PROCESS THROUGHPUT CA MG
MODE STREAM BvY MEQ/L MEQ/L
REGEN 1 EFFLUENT 0.00 45,91 26409
REGEN 1 EFFLUENT 1.33 113.77 T2.02
REGEN 2 EFFLUENT 2.65 100,80 63.21
REGEN 2 INFLUENT 6.51 50.90 46,50
REGEN 2 EFFLUENT 10.36 56,39 47,57
REGEN 3 EFFLUENT 18,23 44,91 42,88
REGEN 3 INFLUENT 19,09 5.89 23.54
REGEN 3 EFFLUENT 19,96 59.38 44,03
REGEN 3 EFFLUENT 21,69 54,39 29.88
REGEN 3 EFFLUENT 23.42 43.91 22.88
REGEN 3 EFFLUENT 25.24 60,88 28.48
RINSE EFFLUENT 0.00 13,47 21.81
RINSE EFFLUENT 263 16,37 20,74
RINSE EFFLUENT 1.25 «39 62
SERVICE EFFLUENT 1.25 031 049
SERVICE INFLUENT 3.51 8,33 4,20
SERVICE EFFLUENT 9,55 o19 019
SERVICE EFFLUENT 18,10 19 «18
SERVICE INFLUENT 33.68 9,53 4413
SERVICE EFFLUENT 34,94 18 17
SERVICE EFFLUENT 51,78 .18 «38
SERVICE EFFLUENT 60,33 28 1.81
SERVICE EFFLUENT T7.17 1.59 T.60
SERVICE EFFLUENT 85,72 250 Te37
SERVICE INFLUENT 88,23 T.73 4,09
SERVICE EFFLUENT 88,23 3.14 7450
Service Performance Summary
CYCLE 3.24.17
AVERAGE CONCENTRATIONS, MEQ/L REMOVAL
INFLUENT EFFLUENT DIFFERENCE %
CA 8.53 «60 7.93 93
MG 4,14 2.11 2,03 49
NA 39.77 50.79 -11,01
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TH
MEQ/L

72,00
185,79
164,01
97.40
103,96
87.79
29.43
103441
84,27
66,79
89,36
35.28
37,11
1.01
«80
12,53
38
«38
13.66
«35
56
2.10
9.19
9.86
11.83

10.64

NA
MEQ/L

105.70
274.,03
331.01
414,96
394452
423,23
S524.14
452437
464,98
487.60
479.77
511.53
480.21
65.68
76460
40.76
52.68
52.20
39,67
51.81
51.63
50.28
43.28
41.02
38,89
40.37

RESIN CAPACITY

EQsL

+ 690
0177
«867
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MODE

REGEN 1
REGEN 3
DRAIN 1
RINSE

SERVICE

DRAIN 2

c32-1

Ion-Exchange - Run 3.25.90

Date:
Cycle:

Conditions:

Control variables:

Standard resin bed:

8/29/79
3.25.10

Feedwater - Wellton-Mowhawk drainage pretreated

(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Jarget
Fresh regeneration conc. {mg/L TDS) 35 000
Fresh regeneration flow rate (L/min) 3.0
Recycled regenerant flow rate (L/min) None
Recycled regenerant volume (L) None
Service termination point (meq/L Ca**) 3.0

Height = 1102 mm
Volume = 100.6L

Actual

33 300
3.0
None
None
3.1

Chemical Compositions of Tank Waters Prior to Cycle 3.25.10

+

pH Conductivity  -Ca**  Mg't  TH
Tank units uS/cm meq/L meq/L  meq/L
Recycle regenerant (T-5) - 37 389 50.0 79.0 129.0
Spent regenerant (T-6) - 37 084 58.0 68.0 126.0
Lime-softened feed (7-9) 7.4 5 050 7.8 3.9 1.7
Lime softened feed (T-10) 7.5 4 970 8.0 3.5 11.5
Fresh ED brine (T7-28) 7.1 42 638 6.4 22.8 29.2
IX product/ED feed (T-33) 7.4 5 515 0.6 1.48 2.08
Cycle 3.25.10 Operating Conditions
BED
DURATION THROUGHPUT VOLUME  AVG FLOW RATE EXPANSTON
INPUT OUTPUT MIN L Bv L/MIN BV/MIN %
RE REGEN WASTE 10 232 2,31 23,2 231 29,
FR REGEN SP REGEN 148 451 4,48 3.04 «030 bob
(VENT) WASTE 3 62 .62 20.7 «205 0,0
FEED WASTE 10 126 1.25 12.6 125 0.0
FEED PRODuUCT 211 5317 52.9 25.2 «250 0.0
(VENT) WASTE 2 41 b2 20,7 «209 0.0
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C32-2

Fresh Regenerant Volume Balance

Fresh Fresh Estimated
regenerant regenerant Service ED feed
Run 3.25.00 volume (V3) TDS volume (Vs) TDS R
_Cycle no.  Date L ma/L L mg/L % Vvy/(1-R)Vg
03 8/27/79 449 34 310 5 946 3 300 92 0.90
04 8/27/79 451 34 310 5 908 3 300 92 0.9
05 8/27/79 448 34 310 5 563 3 300 92 0.96
06 8/28/79 449 33 590 5 464 3 300 92 0.97
07 8/28/79 450 33 590 5 562 3 300 92 0.95
08 8/28/79 450 33 590 5 421 3 300 92 0.98
09 8/29/79 451 33 840 5 340 3 300 92 0.99
16 8/29/79 451 33 840 5 317 3 300 92 1.00
Influent and Effluent Compositions during Cycle 3.25.10
Rinse &
1 R k) i
e T s tarrr A Fra v i 14 rTIY Shiluens  effiont  err
nits
-4 inits - - 7. - 7.4 7.3 7.3
~ag (z ions) mg/L 27 999 19 610 33 307 28138 3175 26 an 456
Zescuctivity @ 25.9C  wS/em - - 42921 - 505.6 3430.9  687.2
I, £, (T2S/cand,) - - - 7.8 - 6.3 1.7 6.6
Silfca mg/L 6.4 5.6 3.7 5.2 5.8 6.7 5.3
calcivm mg/L 1 280 1 740 s 1 540 145 258 33
vagnesium mg/L 648 652 265 613 52.0 179 33.3
Sscivm mg/L 7 840 4 330 11 500 7 630 884 8 770 1470
Jotassiun mg/L 53 3 108 as 8.0 59 15.4
Stronttun mg/L 23 27 4.4 22 2.0 5.0 0.4
Sicardonate mg/L 268.4 102.5 871.8 122.0 22.0 63.4 24.4
Sirsonate mg/L ND ND ND ND NO ND NO
Nyéroxice mg/L ND ND NO ND ND NO ND
Sulfaze mg/L 5 560 4 400 9 300 6 080 946 8 430 1 820
Calarice mg/L 12 320 8 320 1 920 12 080 110 8 660 114
T-aldalinfty as CaCOy, mg/L 220.0 84.0 72.0 100.0 18.0 52.0 20.0
2-alxalinity as CaClyy mg/L ND ND NO NO ND ND NO
¢ Anions meq/L 467.83 328.11 531.42 469.49 51.45 421.01 69.81
< Cizions meq/L 460.10 330.27 530.80 460.85 50.22 €0.72 68.73
faatrol value meq/t +1.05 -0.42 +0.07 41,17 +1.36 +.55 +0.90
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C32-—-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 3.25.10

PROCESS THROUGHPUT CA MG TH NA
MODE STREAM Bv MEQ/L MEQ/L MEQ/L MEQ/L
REGEN 1 EFFLUENT 0,00 38,42 19.67 $8.,09 91.78
REGEN 1 INFLUENT «69 63,87 53.33 117.21 341,02
REGEN 1 EFFLUENT 1,15 107,78 67.16 174,96 215.31
REGEN 3 EFFLUENT 2.31 117,76 66,42 184,18 264,90
REGEN 3 INFLUENT 2.85 5.89 21 .81 27,70 500.22
REGEN 3 EFFLUENT 3.42 100.80 69.14 169,93 299,26
REGEN 3 EFFLUENT 4,57 79.84 52.52 132.76 343,63
REGEN 3 EFFLUENT 5.69 50,90 28.23 79.13 405.83
REGEN 3 EFFLUENT 6,78 45,41 23.62 69.03 356,68
RINSE EFFLUENT 0.00 12.67 20.08 32.76 452437
RINSE EFFLUENT «63 16,87 18.19 35,06 426,27
RINSE EFFLUENT 1.25 5,04 5.35 10,39 207.92
SERVICE EFFLUENT 1.25 S.44 5.31 10,75 206461
SERVICE INFLUENT 3.51 T.49 4,30 11.79 36.54%
SERVICE EFFLUENT T.01 o1l 18 29 46.98
SERVICE EFFLUENT 12.52 012 ol8 «30 46411
SERVICE INFLUENT 22,54 6.84 4.21 11.04 35.67
SERVICE EFFLUENT 23.80 .11 «24 35 46,11
SERVICE EFFLUENT 35.07 31 1.01 1.33 44,37
SERVICE EFFLUENT 40,83 o 71 250 3.21 42,19
SERVICE EFFLUENT 46.34 1.48 44,19 5.67 39.58
SERVICE EFFLUENT 51.85 2445 S5e46 7.90 36.54
SERVICE INFLUENT 54.11 7,39 4,33 11.71 35.89
SERVICE EFFLUENT 54,11 3.09 5.71 8.,81 36,54
Service Performance Summary
CYCLE 3.25.10
AVERAGE CONCENTRATIONSs MEQ/L REMOVAL RESIN CAPACITY

INFLUENT EFFLUENT DIFFERENCE % EQ/L

CA Te24 «88 6.36 88 «336

MG 4,28 1.78 2450 58 «132

TH 11.52 2466 8.86 17 « 468
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FIGURE A- a
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BED VOLUMES

SODIUM (NRY, CALCIUM (CR)., AND MAGNESIUM (MG) CONCENTRATIONS ARE MERSURED BY RTOMIC ABSORPTION.
TOTAL HARDNESS (TH) IS CALCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRATIONS.
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MODE

BACKWASH
DRAIN 1
REGEN 3
DRAIN 1
RINSE
SERVICE

DRAIN 2

APPENDIX D — DATA FROM PHASE 3

D11

Ion-Exchange - Run 4.01.00

Date:
Cycle:

Conditions:

Control variables:

Standard resin bed:

Chemical Compositions of Tank Waters Prior

9/9/79
4.01.39

Feedwater - Wellton-Mowhawk drainage pretreated

(in Train IV) with high lime dosage for silica removal
Regenerant - fresh ED brine.

Source of backwash - TX feedwater

Target Actual
Fresh regeneration conc. (mg/L TDS) 35 000 33 418
fresh regeneration flow rate (L/min) 10.0 10.2
Recycled regenerant flow rate (L/min) None None
Recycled regenerant volume (L) None None
Service termination point {meq/L Ca‘t) 3.0 2.4

Height =1102 mm
Volume =100.6 L

to Cycle 4.01.309

pH Conductivity ~€a't - mg™™ 1y
Tank units uS/cm meq/L meq/L  meq/L
Recycle regenerant (T-5) - _ - . _
Spent regenerant (7-6) - - - - -
Lime-softened feed (7-9) 7.4 5 659 9.1 3.6 12.7
Lime softenaed feed (7-10) 7.5 5 069 9.2 3.6 12.8
Fresh ED brine (T-28) 7.0 43 469 9.6 16.4 26.0
IX product/ED feed (T-33) 7.5 5 344 1.08 1.04 2.12
Cycle 4.01.39 Operating Conditions
BED
DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPANSION TEMPERATURE
INPUT QUTPUT MIN L Bv L/MIN BV/MIN % c
FEED WASTE 10 240 2,39 24,0 +239 27, 28.6
(VENT! WASTE 3 62 62 20.7 «205 040
FR REGEN WASTE 35 359 3.57 10.2 101 8.4 29,5
(VENT) WASTE 3 62 62 20,7 2205 0.0
FEED WASTE 10 118 le17 11.8 117 0.0
FEED PRODUCT 131 3772 37.5 28.8 «286 0.0
(VENT) WASTE 2 4] W42 20,7 «209 0.0
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D1—2

Fresh Regenerant Volume Balance

Run 4.01.00

—Lycle no.  Date
05 8/31/79
06 8/31/79
07 8/31/79
08 9/1/79
09 9/1/79
10 9/1/79
n 9/1/79
12 9/1/79
13 9/2/79
14 9/2/79
15 9/2/79
16 9/2/79
17 9/2/7%
18 9/3/79
19 9/3/179
20 9/3/79
21 9/3/79
22 9/3/79
23 9/4/79
24 9/4/179
25 9/4/79
26 9/6/79
27 9/6/79
28 9/7/79
29 8/7/79
30 9/7/79
3 9/7/19
32 9/7/79
33 9/7/79
34 9/8/7%
3s 9/8/79
36 9/8/79
37 9/8/19
38 9/9/79
9 9/9/79

Influent and Effluent Compositions during Cycle 4.07.39

]
135 (z dons)
Conductivity & 25.9C
£, F. (TDS/cond.)
Silfea

Calcium

Magnesium

Sodium

Potassium

Strontium

3fcardonate

Cardonate

Hydroxice

Sulfate

Chloride

T-alkalinity as CaCl,
?-alkalinity as CaCl,,
T Anions

£ Cations

Contral value

Units
units
mg/L
us/em
ma/L
mg/L
mg/L
mg/L
mg/L
mg/t
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
meq/L
meq/L

req/L

Fresh Fresh
regenerant reqenerant  Service
volume (Vi)  TDS volume (Vg)

L ma/y L
451 34 000 5 861
451 34 000 5 509
451 34 000 5 376
451 34 000 4 070
451 34 000 4 935
451 34 000 $ 106
451 34 000 4 709
451 34 000 4 665
451 34 000 4778
451 34 000 4 072
401 34 000 4349
401 34 000 4 379
400 34 000 4 329
400 34 000 4 402
401 34 000 4473
400 34 000 4 294
320 34 000 3 551
322 34 000 3z23
322 34 640 3 168
280 34 640 3148
280 34 640 3193
358 34 260 4 264
358 34 260 3927
358 34 200 3 639
358 34 200 3870
358 34 200 3 996
359 34 200 4 021
358 34 200 4 459
359 34 200 4 263
358 34 200 4 426
358 34 200 3 868
358 34 200 3753
359 34 200 4173
358 33 780 3 900
359 33 780 3172

Estimated
ED feed
ToS

0 L L el ) ) 9 L ) L G G L L ) e b ) e W G ) L G ) W G S G
w
o
=3

Backwash Regeneration
effluent TnfTuent EffTuent
- IR -

3 822 33 418 23 795

- 4 .278.0 -

- 7.8 -
4.0 4.0 4.2
203 179 1 800
62.4 18§ 449
1 060 11 700 6 010
14 95 47
<0.1 1.0 7.0
73.2 74.2 97.6
Liv] ND NO
ND ND NO
995 8 880 6 180
1410 12 300 9 200
60.0 60.8 80.0
ND ND NO
61.77 533.24 389.93
61.73 535,55 389.55
+0.03 -0.28 +0.06

234

Rinse &

service Rinse Service
influent effluent “effluent
7.5 7.4 7.3
3148 22 280 3442
§18.2 2 813.9 $58.8
6.1 7.9 6.2
3.3 3.9 34
180 800 n.s
42.5 202 18.0
858 6 960 1160
8. 57 7.8
0.2 5.2 0.1
22.0 61.5 23.4
NO NO NO

KD ND KD
928 5 840 1 008
1106 8 350 11%
8.0 50.4 19.2
NO NO NO
$0.96 358.28 55.02
50.00 360.67 3N
+1.06 -0.42 +1.37



D1—-3

CYCLE 4.01.39

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

PROCESS THROUGHPUT CA MG TH NA
MODE STREAM Bv MEQ/L MEQ/L MEQ/L MEQ/L
BACKWASH EFFLUENT 0.00 14,02 6.26 20,29 50.02
BACKWASH EFFLUENT 1.19 9,28 4,26 13,54 41,45
REGEN 3 EFFLUENT 2.39 8.38 3.85 12,24 46,98
REGEN 3 INFLUENT 2.89 8493 15,23 244,16 508.92
REGEN 3 EFFLUENT 3.30 149,20 67,00 216,20 225475
REGEN 3 EFFLUENT 4,21 131,24 61456 162.80 345,37
REGEN 3 EFFLUENT S.12 104,79 46,67 151,46 363.64
REGEN 3 EFFLUENT 5.92 76,35 23,79 100,13 307.53
RINSE EFFLUENT 0.00 64,87 23446 88,33 482.82
RINSE EFFLUENT «59 53.89 25443 79.32 412,79
RINSE EFFLUENT 1.17 3.32 1.22 4.54 17042
SERVICE EFFLUENT 1,17 1e43 76 2.18 67.42
SERVICE INFLUENT 3.75 8,88 3.58 12,46 37.36
SERVICE EFFLUENT S.75 62 26 «88 48,72
SERVICE EFFLUENT 10,33 e61 31 092 50,02
SERVICE INFLUENT 18,06 8,58 3.36 11,94 37.36
SERVICE EFFLUENT 19,49 59 «36 e 96 54,37
SERVICE EFFLUENT 28,65 «83 l.02 1.85 49,15
SERVICE EFFLUENT 33.23 1,42 2.01 3,43 43,37
SERVICE EFFLUENT 37.81 2,10 3,58 5.68 41,45
SERVICE INFLUENT 38,67 8.53 3.19 11.73 37.28
SERVICE EFFLUENT 38467 2.40 3.52 5.92 40,84
Service Performance Summary
CYCLE 4.01.39

AVERAGE CONCENTRATIONSy MEQ/L REMOVAL RESIN CAPACITY

INFLUENT EFFLUENT DIFFERENCE % EQ/L
(of. B.67 92 TeTh 89 290
MG 3,38 96 2.42 72 091
TH 12,04 l1.88 10.16 84 381
NA 37.34 50.29 ~12.95
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290 390 HPO

100

CONCENTRATIONS, MEQ/L

FIGURE a- a FIGURE a- b
MARJOR CATION CONCENTRATIONS MAJOR CATION CONCENTRATIONS OF
OF IX REGENERATION EFFLUENT IX RINSE AND SERVICE EFFLUENTS

CYCLE 4.01.39 CYCLE u.01.39

o CLalcium ) 483 0 Calcium Avg. influent

O Magnesium Avg. influent % 413 O Magnesium  concentrations, meq/L

A Total hardness concentrations, meq/L gg 3 3 A Total hardness

o Sodium s keg 64.9 79. © Sodium catt 8.67
Cay, 8.93 7 53.9 Matt 3.38
Mg 15.2 23.5¢° 254 TH 12.0
TH, 24.2 Na* 37.3 <L>
Na 509 = [~

8
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|

6
1
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1
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NA CONCENTRATIONS, MEQ/L
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CA, MG, TH CONCENTRATIONS., MEQ/L
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BED VOLUMES BED VOLUMES

SODIUM (NR), CALCIUM (CR), AND MAGNESTUM (MG) CONCENTRATIONS ARE MERSURED BY ATOMIC RBSORPTION.
TOTAL HARDNESS (TH) IS CRLCULRTED BY SUMMING THE CRLCIUM AND MAGNESIUM CONCENTRRTIONS.
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MODE

BACKWASH
DRAIN ]
REGEN 3
DRAIN 1
RINSE
SERVICE
DRAIN 2

D2-1

Ion-Exchange - Run 4.01.00

Date:

Cycle:

Conditions:

Control variables:

Standard resin bed:

Chemical Compositions of Tank Waters Prior

3/11/79
4.01.5

Feedwater - Wellton-Mowhawk drainage pretreated

(in Train IV) with high lime dosage for silica removal
Regenerant - fresh ED brine.

Source of backwash - IX feedwater.

Target  Actual
Fresh regeneration conc. (mg/L TDS) 35000 33730
Fresh regeneration flow rate {(L/min) 8.0 8.2
Recycled regenerant flow rate (L/min) None None
Recycled regenerant volume (L) None None
Service termination point (meq/L Ca**) 3.0 2.6

Height =1102 mm
Volume =100.6L

to Cycle 4.01.57

pH Conductivity ~catt MgH TH
Tank units vS/em meq/L meq/L  meq/L
Recycle regenerant (7-5) - - - - -
Spent regenerant (7-6) - - - - -
Lime-softened feed (7-9) 7.4 4 145 9.4 3.4 12.8
Lime softened feed (7-10) 7.3 § 055 9.4 3.4 12.8
Fresh ED brine (7-28) 6.8 4 154 10.4 13.2 23.6
1X product/ED feed (7-33) 7.3 5 530 0.72 0.56 1.28
Cycle 4.01.51 Operating Conditions
BED
DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPANSION
INPUT OuUTPUT MIN L Bv L/MIN  BV/MIN %
FEED WASTE 10 249 2448 24,9 «248 27,
{VENT) WASTE 3 62 62 20.7 205 0,0
FR REGEN WASTE 46 375 3.73 8.2¢4 «082 4.5
(VENT) WASTE 3 62 62 20.7 +205 0.0
FEED WASTE 10 130 1.29 13.0 129 0.0
FEED PRODUCT 134 4056 40,3 30,3 «301 0.0
(VENT) WASTE 2 41 42 20,7 «209 0.0
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TEMPERATURE
c

29.5

24,0



Run 4.01.00
Cvcle no,

— fa
Toe s

z jons)

uwetivity @ 25.9¢C

N VL LE N

20%assivm
Steeattun
3lcardonate
Carsonate
Hycroxice
Sulfens

Thlorice

05
06
07

Untts

T-alkalinity as CaCQy

P-alealintty as Cally,

T Anians

¢ Cations

un1Ts
mg/L
us/cm
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
my/t
m3/t
mg/L
mg/t
mg/L
mg/L
mg/l
req/L

meq/L

D2—-2

Fresh Regenerant Volume Balance
Fresh Fresh Estimated
regenerant reqgenerint Service ED feed
volume (V3) TDS volume (Vg) T0S R
Date L Lu:TAY L mq/L 2 v 0.
8/31/79 451 34 000 5 861 J 300 92 0.92
8/31/719 451 34 000 5 509 3 300 92 0.97
B/31/79 451 34 000 5 376 3 300 92 1.00
9/1/19 451 34 000 4 070 3 300 92 1.32
9/1/79 451 34 000 4 935 3 300 92 1.09
9/1/19 451 34 000 5 106 3 300 9 1.05
9/1/7% 451 34 000 4 709 3 300 R 1.14
9/1/79 451 34 000 4 665 3 300 92 1.18
9/2/19 45) 34 000 4778 3 300 92 V.12
9/2/19 451 34 000 4 072 3 300 9 1.32
9/2/79 401 34 000 4 449 3 300 92 1.07
9/2/79 401 34 000 4 379 3 300 92 1.09
9/2/79 400 34 000 4 329 3 300 9 1.10
9/3/79 400 34 000 4 402 3 300 92 1.08
9/3/19 401 34 000 4 473 3 300 92 1.07
9/3/79 400 34 000 4 294 3-300 92 1.1
873779 320 34 000 3 551 3 300 92 1.18
9/3/19 322 34 000 3223 3 300 92 1.18
9/4/1% 322 34 640 3 168 3 300 92 1.21
974779 280 34 640 3 148 3 300 92 1.07
9/4/179 280 34 640 3193 3 300 92 1.06
9/6/79 358 34 260 4 264 3 300 92 1.00
9/6/79 358 34 260 3927 3 300 92 1.08
8/7/79 3s8 34 200 3 639 3 300 92 .17
9/1/79 3s8 34 200 3 870 3 300 92 1.10
9/1/79 358 34 200 3 996 3 300 92 1.07
9/1/78 359 34 200 4 021 3 300 2 1.08
9/1/1% 3s8 34 200 4 459 3 300 92 0.95
9/177% 359 34 200 4 263 3 300 92 1.00
9/8/79 158 34 260 4 426 3 300 92 0.96
9/8/79 358 34 200 3 368 3 300 92 1.10
9/8/79 358 34 200 3753 3 300 92 1.14
9/8/79 353 34 200 4173 3 300 92 1.02
9/9/79 358 33 780 3 900 3 300 92 1.08
9/9/79 359 33 780 372 3 300 92 V.12
9/9/79 372 33 780 4 096 3 300 92 1.07
9/9/79 371 33 780 3760 3 300 92 1.16
9/9/79 376 33 730 3875 3 300 92 1.14
9/9/79 n 33 780 38y 3300 92 1.16
9/10/79 317 33 420 3 948 330 9 1.1
9/14,/79 378 33 420 3 743 3 300 91 1.17
9/10/79 378 33 420 3707 3 300 91 1.18
9/10/79 382 33 420 4119 3 300 91 1.08
9/10/79 376 33 420 3 822 3 300 N 1.14
9/10/79 377 33 420 3618 3 300 91 1.2t
9/11/79 378 33 000 4128 3 300 91 1.08
9/11/79 375 33 000 4 056 3 300 91 1.06
Influent and Effluent Compositions during Cycle 4.01.51
Rinse &
Backwash Reqeneration service Rinse Service
effluent Tnflyent EffTuent influent  effluent efflyent
- 7.0 - 7.4 7.4 7.2
3 891 33730 25 577 3144 20 092 338
- 4 3147 - 517.8 2 825.9 562.9
- 7.8 - 6.1 70 5.9
4.0 3.9 4.4 3.8 4.1 3.6
209 196 1 880 175 480 6.3
60.0 152 2 48.6 124 16.3
1 040 11 970 6 600 847 6 680 1150
10 95 s0 7.9 s7 n.s
<0.1 5.0 9.0 0.6 5.0 0.3
87.8 68.3 122.0 27.3 52.2 25.9
ND NO ND ND NO ND
HO ND NO ND KO ND
1180 9 200 7 040 94 5 650 950
1 300 12 040 9 500 1100 7 040 1160
2.0 56.0 100.0 22.4 42,8 .2
NO NO ND ND NO NO
62.76 532.48 416,01 51,01 nz.a 53.01
60.86 545.52 413.00 43.79 326.30 52.68
+1.76 -1.55 +0.57 +1.36 -1.81 +0.36

tonirol value

meq/L
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D2-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 4.01.57

PROCESS THROUGHPUT CA MG
MODE STREAM BV MEQ/L MEG/L
BACKWASH EFFLUENT 0,00 12,52 54,95
BACKWASH EFFLUENT l1.24 5,08 4445
REGEN 3 EFFLUENT 2.48 B.48 4417
REGEN 3 INFLUENT 3.13 9,78 12.51
REGEN 3 EFFLUENT 3.87 154,19 56.95
REGEN 3 EFFLUENT 4,52 115,77 43,70
REGEN 3 EFFLUENT 5.26 88,82 33,00
REGEN 3 EFFLUENT 6.24 8l.84 28,31
RINSE EFFLUENT 0.00 31.94 17,86
RINSE EFFLUENT 065 27 .94 13.00
RINSE EFFLUENT 1.29 1.05 71
SERVICE EFFLUENT 1.29 l1.02 «69
SERVICE INFLUENT 5.81 8,93 4415
SERVICE EFFLUENT 8,81 «35 21
SERVICE EFFLUENT 10,32 37 «20
SERVICE INFLUENT 18.44 8,33 4401
SERVICE EFFLUENT 19.35 38 24
SERVICE EFFLUENT 28,37 «59 « 69
CERVICE EFFLUENT 32.88 «87 1459
SERVICE EFFLUENT 37440 1.89 3.26
SERVICE INFLUENT 41,61 8.68 3,93
SERVICE EFFLUENT 41,61 264 44,56

Service Performance Summary
CYCLE 4.01.51
AVERAGE CONCENTRATIONS» MEQ/L REMOVAL
INFLUENT EFFLUENT DIFFERENCE %

Ca 8,65 e81 T.84 91

MG 4,03 1.05 2.98 T4

TH 12,68 1.86 10.82 85

NA 36,38 51.54 -15,16

239

TH
MEQ/L

18,48
13.53
12.66
22.29
211.15
159,47
121.83
110,15
49.80
40.95
1.76
1.71
13,08
56
57
12.34
62
l.29
2.46
5,15
12,62
T.20

NA
MEQ/L

50.02
44,80
41.32
520.66
297.96
336.23
364.94
373,21
487.17
338,84
77.86
75425
3641
48.72
45,67
35.89
51.76
52.20
50,89
44,80
36,84
42.19

RESIN CAPACITY

EQ/L

316
«120
0436
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MODE

REGEN 1
REGEN 2
REGEN 3
DRAIN 1
RINSE

SERVICE

DRAIN 2

D3—1

Ion-Exchange - Run 4.02.00

Date:

Cycle:

Condit

Control varia

ions:

bles:

Standard resin bed:

9/16/79
4.02.27
Feedwater - Wellton-Mowhawk drainage pretreated

{in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Target Actual
Fresh regeneration conc. (mg/L TOS) 35—&%0_ 3733

Fresh regeneration flow rate (L/min) 24.0 24.3
Recycled regenerant flow rate (L/min) 24.0 23.6
Recycled regenerant volume (L) 1 600 1 589
Service termination point (meq/L Cat*) 3.0 2.3

Height =1102 mm
Volume =100.6L

Chemical Compositions of Tank Waters Prior to Cvcle 4.02.27

Recycle regenerant (T-5)

Tank

Spent regenerant (7-6)

Lime-softened feed (T7-9)

+
pH Conductivity  ~Ca*' Mgt TH

units uS/cm meq/L meq/L  meq/L

- - 59.0 45.0 104.0
- - 61.0 46.0 107.0
- - 9.4 3.4 12.8

Lime softened feed (T-10) - - 9.4 3.4 12.8

Fresh ED brine (T7-28)

- - 7.6 16.0 23.6

1X product/ED feed (7-33) - - 0.64 1.36 2.00

INPUT

RE REGEN
RE REGEN
FR REGEN
(VENT)
FEED
FEED

(VENT)

OUTPUT

WASTE

SP REGEN
SP REGEN
WASTE
WASTE
PRODUCT

WASTE

Cycle 4.02.27 Operating Conditions

MIN

10
67
22

3

DURATION THROUGHPUT VOLUME AVG FLOW RATE EXP?E?XON
L Bv L/MIN BV/MIN %
251 2449 25.1 o249 29,
1589 15.8 23.7 0235 31.0
540 5.37 26.3 «242 30,
62 62 20.7 «205 0.0
132 1.31 13,2 «131 0,0
6508 64,7 30.0 298 0.0
41 b2 20.7 0209 0.0

241

TEMPERATURE
c

28,2
28.9

30.9



D3—2
Fresh Regenerant Volume Balance

Fresh Fresh Estimated
regenerant regenerant Service ED feed
Run 4.02.00 volume (Va) TDS volume (Vs) TOS R
Cycle no. Date L mg/L L ma/L % V3/(3-R)Vg

18 9/13/79 387 33 090 6 334 3 300 N o.n
19 9/14/79 400 33 090 6 134 3 300 91 0.75
20 9/14/79 402 33 090 6 064 3 300 91 0.76
21 9/14/79 399 33 090 6 017 3 300 91 0.76
22 9/14/79 401 33 090 5 782 3 300 Nn 0.80
23 9/15/79 400 33 090 5 472 3 300 91 0.84
24 9/15/79 401 33 090 5 821 3 300 91 0.79
25 9/15/79 522 33 090 5 483 3 300 9 1.09
26 9/16/79 540 33 420 6 191 3 300 9 1.02
27 9/16/79 540 33 420 6 508 3 300 91 0.96

Influent and Effluent Compositions during Cycle 4.02.27

Rinse & |

TR SHmmT Suer IOTHTTRT i sttt e
Untts TTluent influent effiuyeat effivest

pH units - - - 7.2 - 1.5 1.3 7.4
T0s (£ fons) mg/L 28 091 20 626 27 172 32 328 31 407 3128 20 349 3294
Conductivity @ 25.°C uS/em - - - 41897 - $04.6 280.7 §33.2
€, F. [T0S/cond.) - - . - 1.7 - 6.2 7.2 6.2
$ilica mg/L 2.6 3.2 3.4 3.3 3.6 3.0 3.2 3.0
Caicium mg/L 1110 1 560 1 no 138 1 080 151 288 19.2
Magnesivm mg/t 593 614 655 196 as 50.1 139 29.1
Sodium mg/L 8 00 4 940 7 660 11100 9 460 868 6 610 1100
Potassium my/L sg 45 57 93 65 8.4 ) 1.0
Strontium mg/L 26 22 25 4.4 2) 2.0 5.9 0.1
Bicarbonate mg/L 181.5 122.0 122.0 73.2 122.0 22.4 5.1 23.4
Cartonate mg/L KD ND NO ND NO NO ND NO
Hygroxide mg/L ND ND ND ND NO NO ND ND
Sulfate mg/L 5 460 4 220 5 540 8 640 7 840 924 5 580 986
Chioride mg/L 12 400 9 100 12 400 12 080 12 400 1 096 7 610 1122
T-alkalinfty as CaC0y mg/L 116.0 100.0 100.0 60.0 100.0 18.4 4s.2 19.2
Peaikalinity as Cally; mg/L WD ND N LY ND ND N ND

t Anions meg/L  865:93 346.68 467.27 522.02 515.18 50.60 331.88 52.64
t Cations meq/L 467,30 344,89 454.49 508.34 501.68 49.67 314,96 $1.49
Control value meq/L  -0-19 +0.33 +1.74 +1.67 *1.67 +1.04 ¢ 3.2 +1.26
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D3—-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

MODE

REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
RINSE
RINSE
RINSE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE

WWwWwWwwWwWwMm NN+ —

CA
MG
TH
NA

PROCESS
STREAM

EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT

CYCLE 4.02,27

THROUGHPUT CA

Bv

0,00
1.25
249
5,08
10,25
18.24
19,21
19,69
20.90
21.87
23,56
0.00
66
1,31
1.31
4,00
9.06
16.81
31.72
32.61
48,12
55.87
63,62
66,00
66,00

MEQ/L

45,91
107,29
89,32
55,39
63,87
54,89
6,89
53.39
52.40
45,51
41,42
25,95
17,61
029
»31
6.39
26
31
8.48
33
65
1.23
3.04
8.03
2.35

MG
MEQ/L

25.02
T4.32
63.37
48,81
50,70
47,74
16,13
40,74
34.40
27.16
22.72
20,33
13.58
39
36
4,24
23
023
4,13
29
2.13
4.56
6.17
4,09
6435

Service Performance Summary

CYCLE 4.02.27

AVERAGE CONCENTRATIONS,

INFLUENT

7463
44,15
11,79
36.10

MEQ/L
EFFLUENT DIFFERENCE
73 6.90
1.69 2,46
2442 9,36
48.44 '12034

243

REMOVAL
%

90
59
79

TH
MEQ/L

70,93
181,61
152,70
104,20
114,57
102.63

23,02

94,13

86.80

73,07

64,13

46,28

31.20

68
67
10,63
49
«54
12,61
62
2.79
$.79
9.22
12,12
8,69

NA
MEQ/L

102.22
233.14
317,09
361,03
339,28
350.59
482.82
413.22
443,67
439.32
448,02
469,77
361.03
59.59
58.29
35,54
48,72
49.59
36.02
49,15
47485
44,80
44,80
36.76
39.06

RESIN CAPACITY

EQ/L

0446
«159
«606
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MEQ/L =10

CONCENTRATIONS.,

FIGURE a- a

MRJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT
CYCLE H.02.27

D Calcium

Avg. influent
O Magnesium

ATotal hardness

O Sodium Ca+: 55.4
Mgt 48.8

TH 104

6.89
16.1
23.0

Na* 361 483

S0
i

37
1

{

25

12
j

4
!

LReq H-

Req 2

1
12
BED VOLUMES

.y

#‘Req 3 '1]

24

concentrations, meq/L 470 <. 261
Reg 1,2 Reg 3 46.

26,
20.3

12
|

MEQ/L

9

TH CON%?NTRHTIUNS,

1

MG,
3

CAH,

FIGURE a- b

MAJOR CATICON CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS
CYCLE 4.02.27

O Calcium Avg. influent

O Magnesium concentrations, meg/L
A Total hardness

¢ Sodium catt

2 7.63
Mgtt 4.15
-g TH 11.8

nat 3601 <
S

Rinse
Service

30

15
NR CONCENTRATIONS,

&0

0

O

7 | 1
7 3d 51 68
BED VOLUMES

$ODIUM (NR), CALCIUM (CR)., AND MAGNESIUM (MG) CONCENTRATIONS ARE MEASURED BY ATOMIC ABSORPTION.
[0TAL HARDNESS (TH) IS CALCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CCNCENTRATIONS.
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MODE

REGEN 1
REGEN 2
REGEN 3
DRAIN 1
RINSE

SERVICE

DRAIN 2

D4—1

Ion-Exchange - Run 4.02.00

Date:
Cycle:

Conditions:

Control variables:

Standard resin bed:

9/18/79
4.02.34

Feedwater - Wellton-Mawhawk drainage pretreated

(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerxant and fresh ED brine

Target
Fresh regeneration conc. (mg/L TDS} 35 000
fresh regeneration flow rate (L/min) 12.0
Recycled regenerant flow rate (L/min) 24.0
Recycled regenerant volume (L) 1 600
Service termination point (meqg/L Catt) 3.0

Height =1102 mm
Volume =100.6L

Actual
34 370
12.8
23.2
1 586
2.8

Chemical Compositions of Tank Waters Prior to Cycle 4.02.34

INPUT

RE REGEN
RE REGEN
FR REGEN
(VENT)
FEED

FEED

pH Conductivity ~ca*t Mg++ TH
IEEE units uS/cm meq/L meq/L  meg/L
Recycle regenerant (T7-5) - 36 327 47.0 45.0 92.0
Spent regenerant (7-6) - 36 940 47.0 56.0 103.0
Lime-softened feed (T-9) 7.36 4 940 9.0 3.8 12.8
Lime softened feed (7-10) 7.65 4 950 8.8 4.4 13.2
Fresh £D brine (T-28) 7.01 42 445 8.0 17.6 25.6
IX product/ED feed (T-33) 7.41 4 749 0.64 1. 2.16
Cycle 4.02.34 Operating Conditions
BED
DURATION THROUGHPUT VOLUME AVG FLOW RATE EXPANSION
OUTPUT MIN % Bv L/MIN  BV/MIN %
WASTE 10 256 2452 25.4 252 30,
SP REGEN 68 1546 15,8 23,2 «231 31.0
SP REGEN 42 540 5.37 12.8 127 11.
WASTE 3 62 «62 20.7 205 0,0
WASTE 10 132 1.31 13.2 «131 0.0
PRODUCT 225 6791 67.5 30,2 «300 0.0
WASTE 2 41 42 20.7 209 0,0

(VENT)

245

TEMPERATURE
[~
27.3
27.0
28.0



Run 4.02.00
Cycle no.

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

33
34

Fresh Regenerant Volume Balance

D4—2

Fresh Fresh Estimated
regenerant regenerant Service ED feed
volume (Va) TDS volume (V) DS R
Date L mq/L L mg/L % Va/(Q-R)Vs
9/13/79 387 33 090 6 334 3 300 91 0.71
9/14/79 400 33 090 6 134 3 300 9] 0.75
9/14/79 402 33 090 6 064 3 300 91 0.76
9/14/79 399 33 090 6 017 3 300 97 0.76
9/14/79 401 33 090 5 782 3 300 9 0.80
9/15/79 400 33 090 5 472 3 300 N 0.84
9/15/79 401 33 090 5 821 3 300 91 0.79
9/15/79 522 33 090 5 483 3 300 91 1.09
9/16/79 540 33 420 6 191 3 300 9 1.02
9/16/79 540 33 420 6 508 3 300 91 0.96
9/16/79 600 33 420 6 848 3 300 91 1.02
9/16/79 600 33 420 6 581 3 300 N 1.06
9/17/79 602 33 030 6 748 3 300 92 1.03
9/17/79 602 33 030 6 776 3 300 92 0.92
9/17/79 541 33 030 6 553 3 300 92 0.95
9/18/79 541 33 690 6 852 3 300 92 0.93
9/18/79 540 33 690 6 791 3 300 92 0.94

Influent and Effluent Compositions during Cycle 4.02.34

Fal
TS {r ions)
Cancductivity @ 25.°C
I, F. (T0S/cond.)
Sivica
Caiciva
Mignasiym
Scdium
2otassium
Sireativa
Jicarsonate
Carbonate
hydroxide
Sulfate
Chlorice
T-aikalinity as CaCl,
?-aviaiinity as Callyy
t Anions
£ Cations

cantrol vaive

units
mg/L
usS/cm

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
ma/t
mg/L
mg/L
mg/L
meq/L
meq/L

meq/L

Rinse &

Regen 1,2 Reaen Regen 2 Reqen 3 service Rinse Service
Tntiuent @:7luent efi.uent influent effluent influent efflueat effluent

- - - 7.2 - 7.4 7.2 1.5
27 167 19 623 27 939 34 370 31 020 3219 21 705 3433

- - - 4 157.2 - 503.9 2 907.2 530.4

- - - 8.3 - 6.4 7.5 6.5
2.6 2.8 2.6 3.3 3.4 2.9 2.9 2.8
1020 1 510 1 450 143 1030 172 302 20.2
604 612 0 23 444 48.6 134 29.0
8 120 4 600 7 680 12 100 9 400 890 7 360 1170
49 29 49 105 61 1.7 54 10.7
22 22 25 2.9 20 2.2 5.1 0.2
248.9 107.4 131.8 84.9 122.0 25.4 26.8 29.8
ND NO ND ND NO ND ND NO
ND ND ND ND ND ND NO NO
S 200 4 100 5 200 9 400 7 880 960 § 850 ) 040
12 500 8 640 12 700 12 300 12 060 1130 7 970 1130
204.0 8.0 108.0 69.6 100.0 20.8 22.0 24.4
NO MO NO NO HD ND NO ND
465.09 330.97 468.81 544.25 506.42 52.36 347.20 54.10
455,56 327.04 465.92 555.24 498.84 §1.54 347.75 54.57
+1.30 +0.75 +0.39 -1.29 +0.95 +0.89 -0.10 -0.49
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Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 4.02.34

PROCESS THROUGHPUT CA MG
MODE STREAM Bv MEQ/L MEQ/L
REGEN 1 EFFLUENT 0.00 24,95 12.59
REGEN 1 EFFLUENT 1.26 103,29 66.50
REGEN 2 EFFLUENT 2.52 97.31 66,26
REGEN 2 INFLUENT 6.22 50,90 49,71
REGEN 2 EFFLUENT 10,14 59,38 51.19
REGEN 3 EFFLUENT 18,22 524.40 46,58
REGEN 3 INFLUENT 18.98 Tel4 19,01
REGEN 3 EFFLUENT 19,62 56,39 41440
REGEN 3 EFFLUENT 21.01 46,41 28.48
REGEN 3 EFFLUENT 22.41 40,42 2és.12
REGEN 3 EFFLUENT 23.55 43.41 28.81
RINSE EFFLUENT 0,00 25,95 19.92
RINSE EFFLUENT «66 19,46 15.47
RINSE EFFLUENT 1.31 «39 «35
SERVICE EFFLUENT 1,31 37 «30
SERVICE INFLUENT 4,01 8,73 3.54%
SERVICE EFFLUENT 10,01 22 19
SERVICE EFFLUENT 18.41 22 016
SERVICE INFLUENT 34.91 8,23 4,26
SERVICE EFFLUENT 35,51 19 «30
SERVICE EFFLUENT 52.62 o712 3,37
SERVICE EFFLUENT 61,32 1.85 6.07
SERVICE INFLUENT 68.82 8.98 4.16
SERVICE EFFLUENT 68,82 2.864 7.23

Service Performance Summary
CYCLE 4.02.34
AVERAGE CONCENTRATIONSs MEG/L REMOVAL
INFLUENT EFFLUENT DIFFERENCE %

(oF 8,65 e 66 7.99 92

MG 3.98 1492 2.06 5e

TH 12.63 2.58 10.05 80

NA 36,70 48.10 =-11.,40
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TH
MEQ/L

37,54
169,80
163.56
100,61
110,57
98,98
26.15
97.79
74,88
64.53
72.22
45,87
34,93
73
67
12.27
X!
38
12,49
49
4,08
7.91
13,14

10,07

NA
MEQ/L

68.73
221.40
276464
353.20
339.28
352.33
526.32
404,52
423,23
421,92
389,73
508492
393.21

61.77

60,03

36.76

50.02

49.15

37.28

47,.85

46,98

44437

36,06

39.36

RESIN CAPACITY

EQ/L

«539
*139
679
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MEQ/L =10

CONCENTRATIONS,
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S

37
1

FIGURE A- a FIGURE a- b
MAJOR CATION CONCENTRATIONS MAJOR CATION CONCENTRATIONS OF
OF IX REGENERATION EFFLUENT IX RINSE AND SERVICE EFFLUENTS

CYCLE 4.02.34 CYCLE 4.02.34
a Calcium Avg. influent g Calciup Avg. influent
O Magnesium concentrations, meq/L 509<? 393 O Magnesium concentrations, meq/L
A Total hardness +r Reg 1,2 Reg 3 45,9 A Total hardness
O Sodium Caft T8 797 L' 349 o Sodium ca™t  s.65
W 2 0% M
Nat 353 526 6 13:3 MO <
N . =)
I A w
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Ei 1:ff——— Rinse
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~
A o
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O
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—
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-
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> =z
@
(@]
o
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SODIUM (NR)., CRLCIUM (CR), AND MAGNESTUM (MG) CONCENTRATIONS ARE MERSURED BY RTOMIC RBSCORPTIGN.
TOTAL HARDNESS (TH) IS CRLCULATED BY SUMMING THE CRLCIUM AND MAGNESTUM CONCENTRRTIONS.
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MODE

REGEN 1
REGEN 2
REGEN 3
DRAIN 1
RINSE

SERVICE

DRAIN 2

D5—

1

Ion-Exchange - Run 4.02.00

Date: 9/20/79

Cycle: 4.02.42

Conditions: Feedwater - Wellton-Mowhawk drainage pretreated
(in Train 1V) with high 1ime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine

Control variables:

Fresh regepneration conc. {(mg/L TDS)

Fresh regeneration flow rate (L/min)
Recycled regenerant flow rate {L/min)
Recycled regenerant volume (L)

Service termination point (meq/L Catt)

Standard resin bed: Height =1102 mm
Volume =100.6L

Target Actual
35 000 33 630

24.0 24.0
24.0 23.8
1600 1 600

3.0 2.7

Chemical Compositions of Tank Waters Prior to Cycle 4.02.42

Tank
Recycle regenerant (T-5)
Spent regenerant (T-6)
Lime-softened feed (T-9)
Lime softenad feed (T7-10)
Fresh ED brine (7-28)

IX product/ED feed (T-33)

DURATION
INPUT OuTPUT MIN
RE REGEN WASTE 10

RE REGEM SP REGEN 67

pH Conductivity ~ca*? Mg++ TH
units uS/cnm meq/L meq/L  mea/L
- 37 236 52.0 49.0  101.0
- 37179 54.0 49.0  103.0
7.5 4 916 8.8 4.0 12.8
7.6 4 863 8.8 4.0 12.8
7.2 41 728 9.6 20.8 30.4
7.4 4 962 0.6 1.16 1.76
Cycle 4.02.42 Operating Conditions
BED
THROUGHPUT VOLUME AvG FLOW RATE EXPANSION
L Bv L/MIN BV/MIN %
251 2.50 25,1 +250 31,
1589 15.8 23.6 .235 31.0
FR REGEN SP REGEN 23 541 S.38 26,0 «239 31,
(VENT) WASTE 3 62 62 20.7 .205 0.0
FEED WASTE 10 129 l.28 12.9 .128 0.0
FEED PRODUCT 231 6889 68,5 29,8 0296 0.0
{VENT) WASTE 2 41 b2 20,7 «209 0.0
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TEMPERATURE
C
28.7
28.5

28.7



Run 4.02.00
Cycle no.

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
36
37
39
40
4]
42

Date

9/13/79
9/14/79
9/14/79
9/14/79
9/14/79
9/15/79
9/15/79
9/15/78
9/16/79
9/16/79
9/16/79
9/16/79
8/17/79
8/17/79
9/17/79
9/18/79
9/18/79
9/18/79
9/19/79
9/19/79
9/19/79
9/19/79
9/20/79

D52

Fresh Regenerant Volume Balance

Fresh Fresh Estimated
regenerant regenerant Service ED feed
volume (Vi) TOS volume {Vg) T0S

L mg/L mg/L

387 33 090 6 334 3 300

400 33 090 6 134 3 300

402 33 090 6 064 3 300

399 33 090 6 017 3 300

401 33 090 5 782 3 300

400 33 090 5 472 3 300

401 33 090 5 821 3 300

522 33 090 5 483 3 300

540 33 420 6 191 3 300

540 33 420 6 508 3 300

600 33 420 6 848 3 30C

600 33 420 6 581 3 300

602 33 030 6 748 3 300

602 33 030 6 776 3 300

541 33 030 6 553 3 300

541 33 690 6 852 3 300

540 33 690 6 791 3 300

541 33 690 6 347 3 300

541 33 710 6 426 3 300

542 33 710 6 432 3 300

542 33710 6 417 3 300

541 33 710 6 658 3 300

541 33 960 6 889 3 300

R

*

91
91
91
91
91
N
9N
91
9
91
91
9N
92
92
92

92
92
92
92
92
92
92
92

COO0O0O0O~0O0O QCO——=wO—-—-00000OO0OD

Influent and Effluent Compositions during Cycle 4.02.42

oA
75z ioms)
Conductivity @ 25.°C
I. 7. (ToS/cond, )
Siiica
laicium
Magneasium
Szefum
Potassium
Strontium
Sicarzznate
Cardonate
Aycroxice
Sulfate
Calorice
T-alkalinity as CaCOy
P-alkaiinity as CaCl,
T Aaions
£ Cations

Cantrol valve

Units
units
mg/L

us/cm

mg/L
mg/L
ng/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
3 mg/L
meq/L
meq/t

meq/L

Vi3/(1-R)Vg

Al
.75
.76
.76
.80
.84

79

.09
.02
.96
.02
.06
.03
.92

95

.93
.94
.00
.99
.99
.99
.96
.93

Rinse &

Regen 1,2 Regen } Reaen 2 Regen 3 service Rinse Service
inT.uent eiiuent effiuent influent erfluent inflyent  effluent effluent

- - - 7.5 - 7.5 1.5. 1.5
27 984 19 742 28 827 33 631 31 508 3079 21 507 3 254

- - - 4 222.8 - 495.1 2 920.1 518.9

- - - 8.0 - 6.2 7.4 6.3
2.4 2.4 2.6 3.4 2.8 3.5 J.0 3.5
1030 1 590 1 490 167 1 000 168 332 21.8
602 600 738 254 484 46.4 194 3.0
8 230 4 660 7730 11 500 9 530 841 7 070 1100
57 36 53 83 60 1.4 44 11.8
25 25 3N 3.6 25 2. 5.0 0.4
97.6 68.3 122.0 119.6 146.4 26.8 89.3 29.8
ND ND ND ND ND ND ND ND
NO ND NO NO ND ND NO NO
§ 500 4120 6 080 g 420 8 220 930 5 800 950
12 440 8 640 12 580 12 080 12 040 1 054 7 970 1106
80.0 56.0 100.0 98.0 120.0 22.0 13.2 24.4
ND ND ND NO ND ND ND NO
467.17 330.74 483,60 §39.03 $13.34 49.62 47.18 51.55
460.95 332.90 473.38 §31.68 506.37 49.02 MLn 51.80
+0.85 -0.41 +1.34 +0.87 +0.86 +0.68 +1.07 -0.28
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D5—3

CYCLE 4.02.42

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

PROCESS THROUGHPUT CA MG TH NA
MODE STREAM Bv MEG/L MEG/L MEQ/L MEQ/L
REGEN 1 EFFLUENT 0.00 18446 9.96 28,42 60.46
REGEN 1 EFFLUENT 1.25 110,28 64.12 174,39 224.88
REGEN 2 EFFLUENT 2.50 101,30 67.65 168,95 294 .48
REGEN 2 INFLUENT 6.26 51.40 49,55 100,94 357.98
REGEN 2 EFFLUENT 10.25 58,88 49,38 108.26 334449
REGEN 3 EFFLUENT 18,24 53.89 50.29 104.18 351.46
REGEN 3 INFLUENT 19.44 8.33 20,91 29,26 500.22
REGEN 3 EFFLUENT 19.44 56439 42.55 98.94 388.86
REGEN 3 EFFLUENT 20.63 51440 34416 85,55 412435
REGEN 3 EFFLUENT 21.83 46,41 28.48 74,88 434,97
REGEN 3 EFFLUENT 23.74 40,42 25.84 66,26 487.17
RINSE EFFLUENT 0,00 24445 2576 50.21 456,72
RINSE EFFLUENT W64 23.45 19.51 42,96 388,43
RINSE EFFLUENT 1.28 52 49 1.01 62.20
SERVICE EFFLUENT 1.28 0 47 51 98 61.33
SERVICE INFLUENT 3.95 T.98 3.56 11.55 35.71
SERVICE EFFLUENT 9.29 26 26 52 47 .85
SERVICE EFFLUENT 17.29 «25 28 53 50,02
SERVICE INFLUENT 31.52 8,33 3.93 12.26 364,36
SERVICE EFFLUENT 33,00 25 «33 58 50.02
SERVICE EFFLUENT 49,01 «60 2,13 2.73 46,98
SERVICE EFFLUENT 57,01 1,30 4,63 5.93 40.45
SERVICE EFFLUENT 65,02 2.15 5.76 T.91 38.67
SERVICE INFLUENT 69,76 7.83 3443 11.27 34.67
SERVICE EFFLUENT 69,76 2469 6.24 8.93 36.19
Service Performance Summary
CYCLE 4.02.42
AVERAGE CONCENTRATIONSs MEQ/L REMOVAL RESIN CAPACITY
INFLUENT EFFLUENT DIFFERENCE % EQ/L

CA 8,05 71 Te34 91 «503

MG 3.64 1.85 1.79 49 122

TH 11.69 256 9.13 78 0625

NA 35.58 47,34 “11.76
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FIGURE a-

MAJOR CATION CGNCENTRATIGONS
OF IX REGENERRTION EFFLUENT
CYCLE 4.02.42

FIGURE a- b
MAJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS
CYCLE 4.02.42

o Calcium Avg. influent o Calcium Ava. influent
O Magnesium concentrations, meg/L 457 < o Magnesium!  concentrations, meq/L
A Total hardness Reg 1,2 Reg 3 388 A Total hardness
o Sodium 't TETa 8.33 02N 4 0 S sedium catt  8.05
Mgtt  49.6 20.9 25.8 . Mg 3.64
TH 101 29.2 24.4 °p 3.4 TH,. 117
NatT 358 500 > 19.5 Na 35.6 <
- N — >
mj / o
N
< = ,
3 gg Rinse
< //y/ﬂ//b . T:f/,—_— Service —]
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BED VOLUMES

36
BED VOLUMES

SGDIUM (NR}, CALCIUM (CAR)., RAND MAGNESIUM (MG) CONCENTRATIGONS RRE MEASURED BY ATOMIC RBSURPTION.
TGTAL HRRDONESS (TH) IS CALCULATED BY SUMMING THE CRLCIUM AND MAGNESIUM CONCENTRATIONS.
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MODE

BACKWASH
DRAIN
REGEN 3
DRAIN )
FINSE
SERVICE

DRAIN 2

Condi

D6—1

Ion-Exchange - Run 4.03.008

Date:
Cycle:

tions:

Control variables:

Standard resin bed:

9/22/79
4.03.138

Feedwater - Vellton-Mowhawk drainage pretreated

(in Train IV) with high Vime dosage for silica removal
Regenerant - fresh ED brine.

Source of backwash - 1X feedwater.

Target  Actua)

Fresh regeneration conc. {mg/L TDS) 35 000 32 744

Fresh regeneration flow rate (L/min) 5.5 4.1
Recycled regenerant flow rate (L/min) None None
Recycled regenerant volume (L) None None
Service termination point {meq/L Ca**) 3.0 3.0

Height = 1102 mm
Volume =1700.6L

Chemical Compositions of Tank Waters Prior to Cycle 4.03.138B

PH Conductivity ~€a*t  mg™"  TH
Tenk units uS/cm meq/L meq/L  meg/L
Recycle regenerant (T-5) - - - - -
Spent regenerant (T-6) - - - _ .
Lime-softened feed (T-9) 7.5 4 973 8.6 3.6 12.2
Lime softened feed (T-10) 7.4 4 969 8.8 3.7 12,8
Fresh ED brine (T-28) 7.2 42 182 7.2 7.6  24.8
IX product/ED feed (T-33) 7.5 5 396 0.96 1.52 2.48

TheuTY

FEED
(VENT)
FR REGEN
(VENT)
FEED
FEED

(VENT)

Cycle 4.03.13B Operating Conditions

QUTPUT

WASTE
WASTE
WASTE
wWaSTE
WASTE
PRODUCT

WASTE

MIN

10
3
59
3
10

110

DURATION THROUGHPUT VOLUME AVG FLLOW RATE EXP%SQION
L Bv L/ZMIN  BV/MIN %
240 2,39 2440 .239 27.
62 .62 20,7 +20% 0.0
3y 3,16 5,39  ,054 3.1
62 W62 20,7 .205 0.0
131 1.50 13.1 .130 0.0
3343 33.2 30.4 .302 0.0
4l pe2 20.7 .209 0.0
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TEMPERATURE
[of

2b.0

30.4



D62

Fresh Regenerant Volume Balance

Run  4,03.008
Cycle no. Date
01 9/20/79
02 9/20/79
03 9/20/79
04 9/21/79
09 9/22/79
10 9/22/79
1 9/22/79
12 9/22/79
13 9/22/79
Influent
Units
(2] units
135 (2 ions) mg/L
Conductivity @ 25.9¢C  uS/cm
Z. F. (T0S/cond,) -
Sittca mg/L
Caleium mg/L
Yagnesium mg/L
Sadivm mg/L
Potassium g/
Szrontium mg/L
3tcardonate mg/L
Caryonate mg/L
ycroxide mg/t
Sulfaze mg/L
thloride mg/L

T-alkalinfty as CaCl, mg/L

P-alkaliniey as CaCQyy mg/t

T Anions
¢ Cations

leatrn) vilue

meq/L
meq/L

meg/L

Fresh Fresh Estimated
regenerant regenerant  Service ED feed
volume (V3) TDS volume (Vg) T0S R

L mg/L L mq/L %

463 33 960 5 874 3 300 92

453 33 960 5158 3 300 92

450 33 960 4 531 3 300 92

449 32 570 4 414 3 300 91

- 33 480 4 079 3 300 9N
- 33 480 3752 3 300 91

319 33 480 2 34k 3 300 91

319 33 480 3203 3 300 91

318 33 480 3 343 3 300 91

Backwash Regeneration
afflyent nfluen uent

- 7.3 -
3735 32 744 22 350

- 4 112.0 -

- 8.0 -
4.8 3.2 5.2
182 126 2 040
$5.8 209 616
1 080 11 300 4790
12 84 9
2.0 5.0 39
58.6 136.6 161.0
ND NO ND
ND ND NO
1100 8 700 5 580
1240 12 180 9 080
48.0 112.0 132.0
NO NO NO
$8.93 527.13 375.09
63.00 517.29 362.72
-2.04 +1.19 +2.09

254

Rinse

effluent

1.7

20 993
2844.2
7.4
2.9
305
145

6 990
50

4]
95.6
ND

NO

5 460
7 940
78.4
NO
339.38
332.59
41,26

Va/(1-R)Vs

0.94
1.05
1.18
1.16

and Effluent Compositions during Cycle 4.03.13B

Service
efflyent

7.3
3 468
548.)
6.3
2.3
10.1
17.2
1210

5.8

22.0
ND

KD

t 1o
1 090
18.0
L
54.30
54.72

-0.44
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Major Cation Concentrations of Samples Analyzed By Atomic Absorption

CYCLE 4.03.138

PROCESS THROUGHPUT CA MG TH NA
MODE STREAM BV MEQ/L MEG/L MEG/L MEQ/L
BACKWASH EFFLUENT 0.00 10.638 S.23 15.91 51.33
BACKWASH EFFLUENT 1.19 8,53 4,21 12.74 45,24
REGEN 3 EFFLUENT 2.39 7.63 4411 11.74 40.39
REGEN 3 INFLUENT 2.39 6.29 17.20 23,49 491,52
REGEN 3 EFFLUENT 3.03 138,22 72,59 210.82 134,84
REGEN 3 EFFLUENT 3.67 161,18 75.80 236,98 242.71
REGEN 3 EFFLUENT 4,31 119,76 53,33 173,09 271.86
REGEN 3 EFFLUENT 5.55 95,81 45,10 140,91 309.26
RINSE EFFLUENT 0.00 21.46 17.04 38449 423.23
RINSE EFFLUENT «65 22.46 14.24 36.69 339,71
RINSE EFFLUENT 1,30 4,09 2.84 6.93 134,41
SERVICE EFFLUENT 1.30 1,29 2.30 3.59 128,32
SERVICE INFLUENT 2.81 9,03 4,064 13.07 36.10
SERVICE EFFLUENT 2.81 .51 48 e 99 61,77
SERVICE EFFLUENT 4.32 «30 029 «59 53.94
SERVICE EFFLUENT 4,02 .23 » 26 e 54 55.24
SERVICE EFFLUENT 7.34 .26 24 «50 50.89
SERVICE EFFLUENT 8.85 «30 e 26 55 50.46
SERVICE EFFLUENT 10.37 .29 226 «55 49.59
SERVICE EFFLUENT 11.88 « 31 26 58 484,72
SERVICE EFFLUENT 13.39 «29 29 .58 49.15
SERVICE EFFLUENT 16.41 .33 o 37 .70 48,72
SERVICE INFLUENT 16441 8.38 3.84 12.22 35.97
SERVICE EFFLUENT 19.43 037 $57 94 48,72
SERVICE EFFLUENT 22.45 .53 <86 1,39 46.98
SERVICE EFFLUENT 25.47 «Hé4 1.68 2¢32 46454
SERVICE EFFLUENT 28449 1.37 2.54 3.91 43,93
SERVICE EFFLUENT 31.51 2.50 3.42 $5.92 48,72
SERVICE EFFLUENT 33.02 2.79 3.98 6.78 46.98
SERVICE EFFLUENT 34,53 2,79 4,20 6,99 41,76
Service Performance Summary
CYCLE 4.03.138
AVERAGE COMNCENTRATIONSs MEQ/L REMOVAL RESIN CAPACITY
INFLUENT EFFLUENT DIFFERENCE % EQ/L
CA 8.71 .83 7.88 91 262
MG 3.94 1.20 2.74 69 091
TH 12.65 2.03 10,62 84 «353
NA 36,04 50,79 -14.75
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MONE

BACKWASH
DRATIN 1
REGEN 3
DRAIN 1
RINSE
SERVICE

ORAIN 2

D71

lon-Evchange - Rup 4,04 0OF

Date:
Cycle:

Conditions:

Control variables:

Standard resin bed:

9/24/79
4.04.07E

Feedwater - Vellton-Mowhawk drainage pretreated

(in Train IV) with high lime dosage for silica removal
Regenerant - fresh £D brine plus 100 mg/L SHMP

Scurce of backwash - IX feedwater,

Target  Actual
Fresh regeneration conc. (mg/L TDS) 35 00¢ 32.816

Fresh regeneration flow rate (L/min) 5.5 5.6
Recycled regenerant flow rate (L/min) None None
Recycled regenerant volume (L) None None
Service termination point {meq/L Ca**) 3.0 2.5

Height =1102 m»
Volume =100.6 L

Chemical Compositions of Tank Waters Prior to Cycle 4.04.07F

Tank

Recycle regenerant (7-5)

spent regenerant {T-6)

Lime-softened feed (T-9)

Lime softened feed (T-

Fresh £D brine (T7-28)

1X product/ED feed (T-

10}

33)

pH Conductivity ~Ca*t  mg't
units uS/cm meq/L meq/L  meq/L
7.3 4 933 9.2 3.6 12.8
7.4 4 939 8.4 4.2 12.6
7.0 41 763 7.6 17.6 25.2
7.5 5 313 0.72 1.44 2.16

Cycle 4.04.07E Operating Conditions

MIN

57

10

130

DURATION TKHROUGHPUT VYOLUME AVG FLOW RATE EXP?S?ION TEMPERATURE

INPUT OuUTPUT L By L/MIN BV /MIN % C

FEED WASTE 240 2.39 24,0 «239 26, 26.5
(VENT) WASTE 62 62 20,7 2205 0.0

FR REGEN WASTE 317 3.19 5.55 055 1.5 29.2
{VENT) WASTE 62 .52 20.7 «205 0.0

FEED WASTE 130 1.29 13,0 « 129 0.0

FEED PRODUCT 3876 38,5 29.8 « 295 0.0

(VENT) WASTE 41 Y4 20.7 «209 0.0
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Run 4.04.00E
~Lycle no.

03
04
05
06
07

Date

9/23/79
9/23/79
9/23/79
9/24/179
9/24/79

D7—-2

Fresh Regenerant Volume Balance

Fresh Fresh Estimated

regenerant regenerant Service ED feed

volume (V4) TDS volume (Vg) T0S R
L ma/L L mg/L _Z  V3/(1-R)Vs
319 33 480 4 352 3 300 91 0.85
319 33 480 4 103 3 300 91 0.90
319 33 480 3 936 3 300 91 0.94
319 33 480 4 102 3 300 91 0.90
317 33 480 3 876 3 300 91 0.95

Influent and Effluent Compositions during Cycle 4.04.07E

o
335(F ions)

Conductivity @ 25.°C
E. 7. (TDS/cond,)

Silica
Caiciva
Yagaesium
Sodium
Potassium
Strentium
3fcarsonate
Carsonate
Mydroxide
Sulfate

Chloride

T-alkalinity as CaCly

P-alxalintty as Call,,

T Anigns

t Caticas

Controi value

Units
units
mg/L

us/cm

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/tL
mg/L
mg/L
mg/L
mg/L
mg/l
mg/L
meq/L
meq/L

meq/L

dackwash

effluent

3627

4.2
156
§3.2
1030

5.0

58.6
KD

ND
1100
1220
48.0
NO
§7.32
57.09

+0.23

258

Rinse &

Regeneration service Riase Service
Tn¥Tuent EffTuent influent effluent effluent
6.9 - 7.4 7.2 7.2
32 816 25 386 3 081 20 329 3216
4120.0 - 489.3 2 820.2 531.8
8.0 - 6.3 1.2 6.1
3.0 4.2 1.9 2.4 1.9
14 2 440 174 330 14.5
159 675 39.9 135 13.0
11 400 5 460 838 6 535 1120
87 34 8.1 47 10.0
2.8 3 2.3 3.9 0.1
103.4 122.0 19.5 75.6 21.¢
NO ND NO NO ND
ND ND ND ND NO
9 100 6 720 910 5 610 960
11 820 9 900 1 088 7 600 1 076
84.8 100.0 16.0 62.0 17.2
NO NO ND NO ND
524.69 4.3 49.96 332.5 50.69
518.30 416.4 48.60 ma 50.77
+0.78 +0.74 +1.54 +3.68 -0.08



D7-3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 4.04.07E

PROCESS THROUGHPUT CA MG
MODE STREAM BY MEQ/L MEQ/L
BACKWASH EFFLUENT 0,00 9,238 5.09
RACKWASH EFFLUENT 1.19 7.73 3.99
REGEN 3 EFFLUENT 2.39 7.29 4,12
REGEN 3 INFLUENT 2.72 7.06 13.09
REGEN 3 EFFLUENT 3,10 174.65 102.88
REGEN 3 EFFLUENT 3.82 159.648 64453
REGEN 3 EFFLUENT 4.54 134,23 44,77
REGEN 3 EFFLUENT 5.53 146,21 47 .9¢&
RINSE EFFLUENT 0,00 24445 17.12
RINSE EFFLUENT 0«65 27.45 18,19
RINSE EFFLUENT 1.29 55 254
SERVICE EFFLUENT 1,29 57 « &7
SERVICE EFFLUENT 2.77 o259 «26
SERVICE INFLUENT 3.96 9,38 3.14
SERVICE EFFLUENT 4.26 27 W24
SERVICE EFFLUENT S.74 24 26
SERVICE EFFLUENT T.22 «25 « 25
SERVICE EFFLUENT 8.70 25 «25
SERVICE EFFLUENT 10.18 .25 23
SERVICE EFFLUENT 11.67 025 23
SERVICE EFFLUENT 13.15 025 «23
SERVICE EFFLUENT 16,11 o6 27
SERVICE INFLUENT 16,11 8,93 3.13
SERVICE EFFLUENT 19.07 « 28 «35
SERVICE EFFLUENT 22.04 .30 s 44
SERVICE EFFLUENT 25.00 «40 58
SERVICE EFFLUENT 27.97 « 56 99
SERVICE EFFLUENT 30.93 85 1.73
SERVICE EFFLUENT 33.89 l.44 2:85
SERVICE EFFLUENT 36.86 1.70 3.60
SERVICE EFFLUENT 38,34 2445 3.95
SERVICE INFLUENT 39.82 8,68 Ceb4
SERVICE EFFLUENT 39,482 254 4.28

Service Performance Summary
CYCLE 4.04.07E
AVERAGE COMNCENTRATIONSy MEG/L REMOVAL
INFLUENT EFFLUENT DIFFERENCE %

ca 9.00 65 8,35 93

MG 2.97 1,08 l1.88 63

TH 11.97 l.74 10.23 85

NA 35.64 49,39 ~13.76
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TH
MEG/L

14,38
11.73
11.41
20.12
277.53
224,21
179,01
194,19
41.57
45,63
1.10
1.04
.56
12.52
51

o 50

e 50
50
Y]
48
.48
«53
12.06
063
o714
<98
1.55%
2.58
4,29
5.29
6.40
11.32
6.82

NA
MEQ/L

48.06
40441
39.393
495,87
186439
285.99
312.74
350.59
434,97
361,03
61.55
61.77
48.93
35.32
50.46
52.20
53.50
53.50
53.72
50.24
49,80
51.11
35.89
50446
49,59
48,50
49,15
48,06
45,67
43.50
43.06
35.71
45,45

RESIN CAPACITY

EQ/L

«322
«073
394
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FIGURE aA- a

MARJOR CATICON CONCENTRATIONS
OF IX REGENERATION EFFLUENT
CYCLE 4.04.07E

FIGURE a- »

MAJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS
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[OTAL HARDNESS (TH) IS CALCULATED BY SUMMING THE CALCIUM AND MAGNESTIUM CONCENTRATIONS,
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MODE

BACKWASH
DRAIN 1
REGEN 3
DRAIN 1
RINSE
SERVICE

DRAIN 2

Control variables:

Standard resin bed:

D8-—1

Ion-Exchange -~ Run 4.,05.008

Date:
Cycle:

Conditions:

9/25/7%
4.05.098

Feedwater - Wellton-Mowhawk drainage pretreated

(in Train IV) with high 1ime dosage for silica removal
Regenerant - fresh ED brine.

Source of backwash - [X feedwater.

Air mix during backwash

Target  Actual
Fresh regeneration conc. (mg/L TDS) 35 000 32 104

Fresh regeneration flow rate (L/min) 5.5 5.7
Recycled regenerant flow rate (L/min) None None
Recycled regenerant volume (L) None None
Service termination point (meq/L Catt) 3.0 3.3

Height =1102 mm
Volume =100.6 L

Chemical Compositions of Tank Waters Prior to Cycle 4.05.098

pH Conductivity  €a'*  mg't
Tenk units uS/cm meq/L meq/L  mea/L

Recycle regenerant (7-5) - 36 772 46.0 47.0 93.0
spent regenerant (T-6) - 37 808 48.0 52.0 100.0
Lime-softened feed (7-9) 7.4 4 98] 9.8 2.8 12.6
Lire softened feed (7-10) 7.5 4 933 9.4 3.2 12.6
Fresh £D brine (T-28) 7.0 42 049 3.4 17.7 25.¢
1X product/ED feed (7-33) 7.4 & 300 n.72 0.88 16

INPUT

FEED
(VENT)
FR REGEN
{(VENT)
FEED
FEED

(VENT)

Cycle 4.05.09B Operating Conditions

ouTPUT

WASTE

WASTE

WASTE

WASTE

WASTE

PRODUCT

MIN

10
3
42
3
10

82

DURATION THROUGHPUT VYOI UME AvG FLOW RATE Expsigxou
L BV L/MIN  HBY/MIN *
240 2439 2440 239 65
62 Y 20.7 2205 0.0
240 2439 S.66 « 056 0.0
62 .62 20,7 «205 0.0
134 1.33 13,4 «133 0.0
2521 25.1 30.7 <306 0.0
41 Y4 20,7 «209 0.0

WASTE
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TEMPERATURE
[of

28.5

33.3



Run  4.05.008
—Cycle no.

01
02
03
04
05
06
07
28
09

Dg—2

Fresn Regenerant Volume Balance

Fresh Fresh Estimated
regenerant reqenerant Service ED feed
volume (Vi) TDS volume (V¢) TDS R
Date 1 ma/L L mg/L X Va/(1-R)vg

9/24/79 318 33 200 3792 3 300 N 0.97
9/24/79 318 33 200 3 579 3 300 9N 1.03
9/24/79 320 33 200 3 301 3 300 91 1.13
9/25/79 320 33 940 3122 3 300 92 1.22
9/25/79 320 33 940 3232 3 300 92 1.18
9/25/79 243 33 940 2 429 3 300 92 1.19
9/25/79 238 33 940 2 431 3 300 92 1.17
9/25/79 240 33 940 2 368 3 300 92 .21
9/25/79 240 33 940 2 521 3300 92 1.13

Influent and Effluent Compositions during Cycle 4.05.09B

winse &
Backwash Regeneration service Rinse Service
Units effluent InfTuent EffTuent influent effluent efflyent
oM units - 7.0 - 7.3 7.2 7.3
725( ions) mg/L 3 506 32 104 21 015 2 986 20 309 3 400
Concuctivity @ 25.9( us/em - 4 160.3 - 481 .6 2839.2 530.2
I, F. {TDS/cond.) - - 7.7 - 6.2 7.2 6.4
Siltca mg/L 3.0 2.6 3.2 2.1 2.) 1.9
Caleium mg/L 160 163 2 260 169 420 26.8
vignesium mg/L 453 202 s14 42.8 145 16.6
Socium mg/L 1 000 N 200 4 330 825 § 700 1170
Potassium mg/L 4.0 93 a a.4 57 10.6
Stronttum mg/tL <0.1 3.2 30 2.2 4.5 6.5
3fcaryonate mg/L 48.8 80.5 nra 19.5 60.0 19.5
farsonate mg/l NO ND NO NO ND NO
Sycraxide mg/L ND NO ND ND NO NO
Sulfate mg/L 1 060 8 600 § Joo 902 5 100 1070
Chigrida mg/L 1185 11 760 8 420 1015 7 820 1 084
T-alkalinity as CaCQy mg/L 40.0 66.0 96.0 16.0 49.2 16.0
?-alxaltnity as Cal0,y; mg/L NO NO ND NO NO ND
¢ Anions meq/L 56,38 £12.2 349.42 47.81 327.89 §3.26
t Caziens meq/L 55.3! 514.40 345.14 4.1 325.92 51.88
Contro) value megq/t +1,09 -0.27 +0.77 -0.35 +0.38 -0.67
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D8—3

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

CYCLE 4.05.098

PROCESS THROUGHPUT  CA MG
MODE STREAM Bv MEQ/L MEQ/L
BACKWASH EFFLUENT 0.00 8.58 3.75
BACKWASH EFFLUENT 1.19 7.6% 3.60
REGEN 3 EFFLUENT 2.39 7.63 3.56
REGEN 3 INFLUENT 2.67 B.l3 16.63
REGEN 3 EFFLUENT 2.84 93,31 44,28,
PEGEN 3 EFFLUENT 3.35 159,64 63.6¢2
REGEN 3 EFFLUENT 3.80 159.68 54.24
REGEN 3 EFFLUENT 4.77 143,21 47,08
RINSE EFFLUENT 0.00 26,95 16.87
RINSE EFFLUENT 67 32,93 20.99
RINSE EFFLUENT 1.33 3.44 2.09
SERVICE EFFLUENT 1.33 3.34 1.9¢
SERVICE EFFLUENT 2.86 W71 50
SERVICE INFLUENT 4,08 8.83 3.43
SERVICE EFFLUENT 4,39 «53 36
SERVICE EFFLUENT 5.92 e » 36
SERVICE EFFLUENT T.64 .48 «36
SERVICE EFFLUENT 8,97 47 o 40
SERVICE EFFLUENT 10.50 «50 43
SERVICE EFFLUENT 12.03 «S4 ° 49
SERVICE INFLUENT 12.03 8.18 3.51
SERVICE EFFLUENT 13.56 e61 o861
SERVICE EFFLUENT 15.08 e71 W74
SERVICE EFFLUENT 16.61 .83 «95
SERVICE EFFLUENT 18.14 1.01 1.25
SERVICE EFFLUENT 16.67 1.32 1.7¢0
SERVICE EFFLUENT 21.20 1.65 2.11
SERVICE EFFLUENT 22.72 .05 2.64
SERVICE EFFLUENT 24425 2.50 3.08
SERVICE EFFLUENT 25.78 3,14 3443
SERVICE INFLUENT 26.39 HeT3 3.60
SERVICE EFFLUENT 25439 3.34 3.6¢2

Service Performance Summary
CYCLE 4.05.098

AVERAGE COMCENTRATIONS, MEG/L REMOVAL

INFLUENT  EFFLUENT  DIFFERENCE %

CA 8.60 1.15 7445 87

MG 3.51 1.22 2.29 65

TH l2.11 2.38 F.74 8o

NA 36.96 S52.44 -15,48
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TH
MEQ/L

12,34
11.28
11.19
c4.76
137,59
223.30
213.9%2
190.29
43.82
53.92
$.53
5.26
le21
12.31
.89
83
B4
85
«93
1.03
11.70
1.22
l1.45
1.77
2.26
3.02
375
4,69
5.57
6.58
12.33
6«96

NA
MEQ/L

51.76
43,06
43.50
487,17
130.49
238.80
263.16
264 .46
420.18
343.63
111.79
114,83
56.98
35.8¢4
53.07
50.89
49,59
50 .46
48.72
46.54
39.80
52.63
53.50
52.63
506.89
50.89
51433
50,02
43.93
4654
35¢23
39.80

RESIN CAPACITY

EQ/L

187
« 057
o 244
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FIGURE A- a FIGURE a- b

MAJCR CATION CONCENTRATIONS MAJOR CATICN CONCENTRATIONS OF
CF IX REGENERATION EFFLUENT IX RINSE AND SERVICE EFFLUENTS
CYCLE 4.05.098B CYCLE 4.05.098B
pCalcium Avg. infiuent O Calcium Avg. influent
oMagnesium concentrations, meq/L 420 O Magnesium  concentrations, meq/L |
ATotal hardness + Reg 3%49 A Total hardness , i
oSodium Calt 8.13 43.8 o o Sodium C :I 8.60 ;
Mg 16.6 270 & 329 Mg 3.5] i
TH 24.8 169 & 21-0 TH 12.7 !
= Na* 487 ‘ nat  37.0 Lo
@ ] o] =
<
—t o
| f// = f éj
N ~
ég- /‘\\ Uzj(’o~ Service /4 ¥
b - .
2 = =
=z {
] by ;}_Qo:é
e =z | =
s &) | =z
= © o
s * |z
SR" N ~He
) &) T
= Z
BM Reg o
3 O
- 1 1 T 1 1 3 1 ;
0 4 5 8 0 7 14 21 28
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SONIUM (NRY, CALCIUM (CR)., AND MAGNESTUM (MG) CONCENTRATIONS ARE MERSURED 8Y ATOMIC ABSORPTION.
JOTAL HARONESS (TH) IS CRLCULARTED BY SUMMING THE CALCIUM AND MAGNESTIUM CONCENTRATIONS.
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MODE

REGEN |
REGEN 2
REGEN 3
DRAIN 1
“INSE

SERVICE

URAIN 2

DG—1

Ion-Exchange ~ Run 4.06.00F

Date:
Cycle:

Conditions:

Control variables:

Standard resin bed:

8/27/79

4.06.07F

- Feedwater - Wellton-Mowhawk drainage pretreated

(in Train IV) with high lime dosage for silica removal
Regenerants - recycled regenerant and fresh ED brine
100 mg/L of SHMP added to fresh regenerant passing

into recycied regenerant

Fresh regeneration conc. {mg/L TDS)
Fresh regeneration flow rate {L/min)

Recycled regenerant flow rate {L/min)
Recycled regenerant volume (L)

Service termination point (uey/L Ca

Height
Volume

=1102
=100.6 ¢

mm

Target Actual

35 000 29 730
5.5 5.6
15.0 15.6
800 804
3.0 2.8

++)

Chemical Compositions of Tank Waters Prior to Cycie 4.06.07F

Fresh £D brine (T-28)

INPUT

RE HEGEN

RE REGEM
FR REGEN
(VENT
FEEU

FEEL

pH Conductivity ~ca*? Hg++ TH
Tank units uS/cm meq/L req/L meq/L
Recycle regenerant (T-5) - 37 847 84.0 45.0 129.0
Sgent regenerant (T-6) - 37 710 95.0 36.0 131.0
Lime-softered feed (7-9) 7.4 4 801 9.1 12.7
Lime softenad feed (T-10) 7.4 4 864 g.1 12.6
6.8 41 9N 7.6 14.4 22.0
IX product/ED feed (T-33) 7.2 5 010 0.52 1.40 1.92
{ycie 4.06.07F Operating Conditions
BED
DURATION THROUGHPUT VOLUME  AVG FLOW RATE EXPANSION
ouTPyUT MIN L By L/MIN  BV/MIN %
WASTE 10 236 2.+35 23.6 0235 30,
SP REGEN 51 404 7.99 15.9 +158 15.
SP REGEN 93 Sly S.lb 5.60 «056 1.6
WASTE 3 62 .62 20,7 $205 0.0
WASTE 10 131 1.30 13.1 130 0.0
PRODUCT 210 63d6 63.% 30.% «302 0,0
SASTE 2 41 Y 20.7 2209 0.0

(vENTY

TEMFERATURE

29.0

30.0



D9—2

Fresh Regenerant Volume Balance

Fresh Fresh Estimated
regenerant regenerant Service ED feed
Run  4.06.00F volume (Va3) TOS volume (Vg) T0S R
Cycle no. Date L ma/L L Wg/L % V3/(1-R)Vs

ol 9/25/79 741 33 940 7 268 3 300 92 1.21
02 9/26/79 738 33 620 7 321 3 300 92 1.19
04 9/26/79 519 33 620 6 341 3 300 92 0.96
05 9/26/79 520 33 620 6 261 3 300 92 0.98
06 9/27/79 519 33 500 6 356 3 300 91 0.95
07 9/27/79 519 33 500 6 386 3 300 N 0.95

Influent &nd Effluent Compositions during Cycle 4.06.07F

M

735(z ions)

Concuetivity @ 25 oC

g, F. {T0S/cond,)

Silica
Calcium
Magnesium
Sodium
Patassiun
Strontium
Ifcaracnate
Caraan?te
hy¢roxide
Sulfate

Crlorice

T-alxalinity as CaC0y

Peaikalinity as CaClyy

T Anions
t Cations

Control value

Unfts
units
mg/L

us/em

mg/L
mg/L
mg/L
mg/tL
mg/L
mg/L
mg/L
mg/L
mq/L
mg/L
mg/L
rg/L
mg/L
meq/L

meq/L

meo/L

Rinse &

?%gsgz%éz '%%%%SE%T zi?fzest JnfTu:zgen gfrTuent 1i:q:l§i e;:?::nt ei?fZiﬁi

. - - 6.6 - 7.2 6.7 7.0
29 730 20 508 29 838 3311 3 525 3106 21 427 3182

- - - 4 299.4 - 497.9 2 998.4 517.4

- - - 7.7 - 6.2 7.1 5.1
2.4 2.2 1.8 2.6 2.6 1.7 2.3 1.6
1 650 1 980 2 Y20 145 1710 167 224 10.6
631 565 664 180 387 40.3 97.6 13.0
7970 4 590 7 530 11 500 8 B850 852 7 400 1100
49 N 46 96 44 7.0 56 9.2
23 28 34 3.5 29 2.3 3.6 0.4
248.9 2.2 122.0 65.9 122.0 18.0 53,7 19.5
ND ND ND ND KO NO ND ND
] ND \o NO ND L] NO ND
7160 $ 100 7 100 9 100 8 220 920 5 700 940
11 930 8 500 12 220 12 040 12 100 1098 7 890 1 088
204.0 32.0 100.0 54.0 100.0 14.8 44.0 16.0
ND ND NO ND ND ND NO NO
431.2% 347.93 494.69 §30.35 514,63 50.50 342.26 50.66
483.37 346,38 489.92 524.83 506.92 48,94 42.62 49.69
+1.02 +0.28 +0.61 +0.66 +0.95 +1.76 -0.07 +1.09
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D93

Major Cation Concentrations of Samples Analyzed by Atomic Absorption

MODC

FEGEN
REGEN
REGEN
REGEM
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
REGEN
RINSE
RINSE
RINSE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE
SERVICE

WwWwWwwWwWwNNMN =

CA
MG
TH
NA

CYCLE 4.06.07F

PROCESS THROUGHPUT CA MG TH NA
STREAM Bv MEQ/L MEQ/L MEQ/L MEG/L
EFFLUENT 0,00 32,93 15,64 48 57 88.30
EFFLUENT 1.17 124,75 6l.23 165,99 227.93
EFFLUENT 2.35 129.24 58.35 187.60 280,99
INFLUENT 4,40 82.83 51.93 134,77 346,67
EFFLUENT 6.29 101.30 54,07 155.37 347 .54
EFFLUENT 10639 86,33 49,79 136,12 347.54
IMFLUENT 10.94 T.24 14.81 22.05 500,22
EFFLUENT 11.72 96,81 43.79 140,59 371.90
EFFLUENT 12.61 90.82 31.36 122.18 383.21
EFFLUENT 13,73 T4435 21432 55.67 4$07.57
EFFLUENT 15.56 68.86 l8.02 BoHG 417.57
EFFLUENT 0.00 16,52 12.0¢ Z8.53 504,57
EFFLUENT 65 17,02 12.10 29411 434,97
EFFLUENT 1.30 »30 «30 o 60 63,51
EFFLUENT .30 29 28 .57 62.64
EFFLUENT 2.81 el4 «13 28 50.,02
IMFLUENT 4,02 8,73 3.60 12,34 36,19
EFFLUENT 4,33 o133 ol «25 49,59
EFFLUENT 5.84 W10 12 22 50,02
EFFLUENT 7435 011 12 23 50.02
EFFLUENT B.b86 .14 12 25 48,72
EFFLUENT 10,37 ell 12 23 47,85
EFFLUENT 17.02 11 I 4 23 50.02
INFLUENT 31.23 8.63 3.60 12.24 36,41
EFFLUENT 32.74 .12 17 .29 49,59
FFFLUENT 4B.46 .41 1.50 1.91 45,24
EFFLUENT 56.32 1.30 3.61 4,92 43,06
EFFLUENT 64,18 2,59 4,083 7,43 40.89
INFLUENT 64478 Be43 2467 11.31 35,97
EFFLUENT 64,78 2.79 4,35 7.14 40.89
Seryice Performance Summary
CYCLE 4.06.07F
AVERAGE CONCENTRATIONSs MEQ/L REMOVAL RESIN CAPACITY
INFLUENT EFFLUENT DIFFERENCE % EG/L
8.60 «50 8410 94 «514
3436 1.16 2.20 66 «140
11.96 1.66 10431 86 +6%4
36.19 47.48 ‘11-29
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FIGURE A- a

MAJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT

CYCLE 4.06.07F
o Calcium
O Magnesium
A Total hardness

Avg. influent

concentrations, megq/L 505 %435

Reg 1,2 Reg 3

FIGURE a- b

MAJOR CATION CONCENTRATIONS OF

IX RINSE AND SERVICE EFFLUENTS
CYCLE 4.06.07F
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Table E-1. — lonics Aquamite V electrodialysis unit performance — 1979

March April May June July August September
12 19 26 23 30 7 14 29 4 1 18 25 3 6 13 20 4 17 24
Operating time, hour 7357.1 74444 75503 77869 78250 79028 79966 81698 82193 82897 83768 84561 8526.0 88427 89120 8961.0 9141.3 93165 9416.0
Brineconcentration,g/m* 33946 32583 ND 62438 52760 51680 50503 56777 33361 364650 19406 20470 22263 31208 34033 32322 33110 33098 33491
Feed temperature, °C 215 21.0 220 26.0 26.0, 25.0 270 280 2885 31.0 27.0 31.0 300 31.0 29.0 28.0 30.2 282 285
Dilute flow rate, L/min 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34
Brine makeup
flow rate, L/min 1.3 1.2 o} 0 o 0 0.35 0.15 1.35 1.0 44 45 35 1.2 1.0 098 11 1.2 1.1
Product flow rate. L/min  32.4 3219 3183 324 326 32.7 330 3298 330 327 320 3z8 326 31.7 325 32.2 330 326 324
Brine flow rate, L/min 283 2.87 1.16 1.44 1.64 1.65 1.40 1.80 3.2 236 588 7.40 5.0 27 28 25 28 26 28
Brine pH, units 577 43 38 3.88 4.27 454 4.36 4.01 524 5.95 6.45 585 5.856 6.11 6.17 6.80 6.88 6.72 6.67
Electrical stage 1
Current, amperes 220 208 234 241 241 236 248 26.5 240 24.1 216 218 227 241 213 204 216 21.0 20.7
Voltage, volts 155 153 153 157 154 153 156 156 154 154 155 153 155 155 152 153 154 154 155
Specific cell pair
resistance, (1-cm? 80.7 83.4 75.7 82.0 80.4 79.9 81.0 775 875 90.3 924 99.2 94.2 90.9 96.1 98.7 98.9 97.0 1021
Electrical stage 2
Current, amperes 8.6 8.2 9.7 9.6 9.6 9.6 10.6 105 8.6 86 74 7.3 7.7 9.7 82 78 8.4 8.2 8.2
Voltage, volts 123 122 122 126 122 122 124 124 123 123 124 122 124 124 123 122 124 124 124
Specific cell pair .
resistance, @-cm?  163.3 1682  145.1 1634 1594 156.0 150.1 1550 1944 2015 2150 2355 2215 1802 2015 2052 2040 1994 2055
Feed cationic con-
centration, meq/L 534 55.0 ND 50.3 55.0 51.2 52.8 52.1 56.3 54.9 55.1 55.6 56.2 54.5 52.4 47.37 909 52.0 51.83
Product cationic
concentration, meq/L  6.68 755 ND 7.89 754 710 6.72 8.65 6.06 6.89 6.25 6.80 5.81 5.92 8.19 6.29 7.08 7.40 718
Current efficiency, % 66.8 716 - 545 72.9 613 571 514 66.1 64.2 73.7 734 72.5 62.9 65.6 63.7 63.9 66.8 67.6
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Table E-2. Chemical analysis — lonics Aquamite V electrodialysis — 1979

March 12 March 19 March 26
Sample stream Feed Product Brine Feed  Product Brine Feed  Product Brine

pH units 7.0 6.4 5.8 6.9 6.0 5.8 7.3 5.2 3.8
TDS, g/m? 3418 502 33945 3483 517 32583
Conductivity at

25 °C, uS/cm 5802 810 45 644 5824 866 43505 5938 921 63 583
E.F 0.59 0.62 0.74 0.60 0.60 0.75
Silica, g/m? 12.2 5.8 5.5 10.7 10.4 10.0 7.0 7.1 8.0
Calcium, g/m?3 12.7 1.3 154 6.1 1.6 86 3.2 1.7 75
Magnesium, g/m?3 30.6 2.8 350 20.5 2.3 203 7.0 1.6 257
Sodium, g/m?3 1148 146 11430 1215 167 11 580
Potassium, g/m? 12.1 1.2 135 6.8 0.8 59
Total iron, g/m3 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Total manganese, g/m?® <0.30 <030 <030 <030 <030 <0.30
Strontium, g/m?3 0.3 0.2 21 0.8 0.7 1.9
Bicarbonate, g/m?3 24.4 7.3 43.9 25.4 8.3 32.7 171 6.3 N/D
Carbonate, g/m3 N/D N/D N/D N/D N/D N/D N/D N/D N/D
Sulfate, g/m3 994 214 9420 1004 227 8370
Chloride, g/m?3 1196 129 12410 1204 109 12 250
T-alkalinity

as CaCOs, g/m3 20.0 6.0 36.0 20.8 6.8 26.8 14.0 5.2 N/D
T-acidity

as CaCOs, g/m3 — — — — — — — — —_—
T-phosphorus

as POy, g/m? <0.01 <0.01 <0.01 <001 <0.01 <0.01
Hydroxide, g/m3 N/D N/D N/D N/D N/D N/D N/D N/D N/D
3, anions, meq/L 54.8 8.22 547.0 55.3 7.94 5205 — — —
3, cations, meq/L 53.4 6.68 537.2 55.0 7.57 526.3 — — —
Control value, meq/L +1.50 +6.56 +1.14 +0.27 +1.61 -0.71 — — —

270



Table E-2. Chemical analysis — lonics Aquamite V electrodialysis — 1979 — Continued

April 23 April 30 May 7
Sample stream Feed  Product Brine Feed  Product Brine Feed Product Brine

pH, units 6.6 5.1 38 7.0 5.4 4.8 6.8 5.6 4.4
TDS, g/m3 3162 509 52438 3498 520 52 760 3251 494 51 680
Conductivity at

25 °C, uS/cm 5122 746 62 670 5829 876 63622 5413 814 62 830
E.F. 0.62 0.68 0.84 0.60 0.59 0.83 0.60 0.61 0.82
Silica, g/m?3 4.6 4.6 4.0 4.5 4.5 3.0 3.5 3.6 3.5
Calcium, g/m3 5.8 0.6 107 6.5 0.9 128 71 1.2 117
Magnesium, g/m? 21.2 2.3 395 16.9 1.4 354 19.7 1.6 354
Sodium, g/m?3 1103 175 18090 1218 169 18760 1126 158 18140
Potassium, g/m?3 11.0 2.2 184 10.6 1.2 148 11.2 1.6 188
Total iron, g/m?3 <0.10 <0.10 0.28 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Total manganese, g/m?® <0.30 <0.30 <0.30 N/D N/D N/D <0.30 <0.30 <0.30
Strontium, g/m?3 0.5 0.5 1.9 0.7 0.6 3.2 0.7 0.6 2.3
Bicarbonate, g/m? 10.2 4.9 N/D 171 7.3 26.8 14.6 24 17.1
Carbonate, g/m? N/D N/D N/D N/D N/D N/D N/D N/D N/D
Suifate, g/m?3 910 195 15360 1010 218 15140 870 215 15 100
Chloride, g/m3 1100 128 18300 1218 122 18200 1114 114 18 080
T-alkalinity

as CaCQs, g/m? 8.4 4.0 N/D 14.0 6.0 22.0 12.0 20 14.0
T-acidity

as CaCO;, g/m3 — — — — — —_ — — —
T-phosphorus

as PO4, g/m3 <001 <0.01 <001 <001 <001 <001 <001 <001 <0.01
Hydroxide, g/m3 N/D N/D N/D N/D N/D N/D N/D N/D N/D
3, anions, meq/L 50.15 7.75 836.19 55.68 8.10 829.23 5153 7.21 824.85
3. cations, meq/L 50.31 7.90 829.50 5498 7.55 856542 5126 7.73 802.70
Control value, meq/L -0.18 -0.66 0.51 +0.72 +237 -202 +030 -074 -1.72
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Table E-2. Chemical analysis — lonics Aquamite V electrodialysis — 1979 — Continued

May 14 May 29 June 4
Sample stream Feed  Product Brine Feed  Product Brine Feed Product Brine

pH, units 7.0 5.4 45 6.5 5.1 35 6.9 5.0 4.8
TDS, g/m3 3353 476 50503 3368 708 56 777 3443 435 33 361
Conductivity at

25 °C, uS/cm 5443 767 60782 5423 985 65645 5797 736 43176
E.F. 0.62 0.62 0.83 0.62 0.72 0.86 0.60 0.59 0.77
Silica, g/m3 4.9 5.0 5.0 3.7 1.6 18.5 4.0 4.2 6.5
Calcium, g/m3 5.3 0.5 79 8.3 0.7 174 9.6 0.7 109
Magnesium, g/m? 224 1.7 360 14.0 1.6 289 15.6 1.1 190
Sodium, g/m?3 1164 1560.0 17620 1157 194 19800 1224 136 11 500
Potassium, g/m?3 7.4 1.0 110 9.8 1.8 171 10.0 0.7 101
Total iron, g/m3 <0.10 <0.10 0.12 <0.10 <010 <032 <010 <0.10 <0.10
Total manganese, g/m3 <0.30 <030 <030 <030 <030 <030 <030 <030 <0.30
Strontium, g/m?3 0.1 <0.10 06 0.9 0.8 31 0.7 0.6 1.8
Bicarbonate, g/m?3 19.5 4.9 13.7 9.8 24 N/D 19.5 5.9 12.2
Carbonate, g/m?3 N/D N/D N/D N/D N/D N/D N/D N/D N/D
Sulfate, g/m3 984 220 14620 1038 359 17740 960 205 9340
Chloride, g/m?3 1150 98 17700 1130 146 18600 1200 81.2 12100
T-alkalinity

as CaCOs;, g/m3 16.0 4.0 11.2 8.0 2.0 N/D 16.0 4.8 10.0
T-acidity

as CaCOs, g/m3 — — — — — 70.0 — — —
T-phosphorus

as POy, g/m? 0.49 0.10 1.25 <0.01 <0.01 <0.01 0.01 0.02 0.01
Hydroxide, g/m?3 N/D N/D N/D N/D N/D N/D N/D N/D N/D
3. anions, meq/L 53.26 742 804.1 53.66 8.96 894.23 54.17 6.66 536.1
3. cations, meq/L 5293 6.71 802.9 5217 8.67 898.20 55.28 6.07 523.9
Control value, meq/L +0.35 +3.21 +0.10 +1.49 +1.13 -0.28 -1.17 4279 +1.44
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Table E-2. Chemical analysis — lonics Aquamite V electrodialysis — 1979 — Continued

June 11 June 18 June 25
Sample stream Feed  Product Brine Feed  Product Brine Feed Product Brine

pH, units 7.1 5.4 6.2 7.2 4.8 6.4 6.9 5.0 6.0
TDS, g/m? 3436 481 36465 3487 431 19406 3510 461 20470
Conductivity at

25 °C, uS/cm 5482 756 44 625 5718 696 27008 5624 687 27 853
E. F. 0.63 0.64 0.82 0.61 0.62 0.72 0.62 0.67 0.73
Silica, g/m3 5.3 4.4 5.5 4.6 1.8 6.5 4.0 4.0 35
Calcium, g/m3 10.0 0.9 137 18.5 1.7 128 224 2.3 159
Magnesium, g/m3 22.0 1.90 280 30.5 2.7 210 31.1 2.2 206
Sodium, g/m?3 1203 153 12560 1180 136 6570 1203 148 6900
Potassium, g/m?3 11.3 1.4 129 12.4 1.2 68 11.6 0.6 73
Total iron, g/m3 0.18 <0.10 <0.10 <0.10 <010 <010 <0.10 <0.10 <0.10
Total manganese, g/m® <0.30 <0.30 <0.30 <030 <030 <030 0.03 <0.01 0.04
Strontium, g/m3 0.8 0.7 2.6 0.3 0.1 1.5 04 0.1 1.6
Bicarbonate, g/m?3 234 4.9 b1.2 20.5 3.9 415 171 29 26.8
Carbonate, g/m3 N/D N/D N/D N/D N/D N/D N/D N/D N/D
Sulfate, g/m3 1000 230 10100 1020 213 5050 990 235 5750
Chloride, g/m3 1160 84 13200 1200 71 7330 1230 66 7350
T-alkalinity

as CaCOs;, g/m? 19.2 4.0 420 16.8 3.2 34.0 14.0 24 220
T-acidity

as CaCO;, g/m? — — — — — — — — —
T-phosphorus

as PO;, g/m3 0.02 0.01 0.30 0.02 0.02 0.03 0.01 <0.01 <0.01
Hydroxide, g/m?3 N/D N/D N/D N/D N/D N/D N/D N/D N/D
3, anions, meq/L 53.94 7.24 583.6 5543 6.50 3126 5560 6.80 327.6
. cations, meq/L 5495 6.91 579.6 5509 6.26 311.2 56.31 6.75 326.9
Control value, meq/L -1.07 +152 +044 +036 +1.19 +0.29 -0.74 +0.25 +0.13
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Table E-2. Chemical analysis — lonics Aquamite V electrodialysis — 1979 — Continued

July 3 August 6 August 13
Sample stream Feed Product Brine Feed Product Brine Feed Product Brine
pH, units 6.8 4.9 59 71 4.8 6.3 71 5.1 6.3
DS, g/m? 3575 410 22263 3434 407 31208 3279 516 34 033
Conductivity at
25 °C, uS/cm 5674 660 35137 5569 692 41 958 5253 754 43 139
E.F. 0.63 0.62 0.63 0.62 0.59 0.74 0.62 0.68 0.79
Silica, g/m?3 3.9 3.4 4.0 3.0 2.2 275 27 25 3.0
Calcium, g/m?3 20.1 1.9 176 9.3 1.0 28.0 10.8 0.9 29.2
Magnesium, g/m?3 28.3 1.8 228 11.0 0.79 147 19.3 1.5 216
Sodium, g/m3 1208 128 7470 1216 133 10900 1149 184 12 000
Potassium, g/m? 13.2 1.0 93 9.0 0.7 102 11.0 0.7 122
Total iron, g/m3 <0.10 <0.10 <<0.10 <0.10 <010 <010 <0.10 <0.10 <0.10
Total manganese, g/m3 <0.30 <030 <030 <030 <030 <030 <030 <030 <0.30
Strontium, g/m?3 0.1 <0.01 1.7 0.4 0.3 1.6 0.17 0.05 2.0
Bicarbonate, g/m?3 171 34 20.5 171 24 415 18.0 4.9 41.0
Carbonate, g/m?3 N/D N/D N/D N/D N/D N/D N/D N/D N/D
Sulfate, g/m?3 1068 207 6050 1030 205 8600 990 244 9580
Chloride, g/m3 1216 63 8220 1138 62 11360 1078 78.0 12 040
T-alkalinity
as CaCOs, g/m? 14.0 2.8 16.8 14.0 2.0 34.0 14.8 4.0 33.6
T-acidity
as CaCOs, g/m?3 — — — — — — — — —
T-phosphorus
as POy, g/m? <0.01 <0.01 <001 005 0.03 0.07 0.04 0.02 0.06
Hydroxide, g/m3 N/D N/D N/D N/D N/D N/D N/D N/D N/D
3. anions, meq/L 56.83 6.156 3582 53.84 6.05 500.28 51.33 7.36 539.87
Y, cations, meq/L 56.21 5.81 3649 5450 592 450.28 52.39 8.19 544.39
Control value, meq/L +0.63 +1.52 +0.60 -0.71 +0.61 +1.27 -118 -3.76 -053
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Table E-2. Chemical analysis — lonics Aquamite V electrodialysis — 1979 — Continued

August 20 September 4 September 17
Sample stream Feed  Product Brine Feed  Product Brine Feed Product Brine
pH, units 7.0 5.0 6.6 71 5.2 6.6 7.2 5.7 6.7
TDS, g/m3 3072 446 32322 3223 489 33110 3290 556 33098
Conductivity at
25°C, uS/cm 5038 718 42 247 B171 787 43272 5236 955 41819
E.F. 0.61 0.62 0.76 0.62 0.62 0.76 0.63 0.58 0.79
Silica, g/m? 6.3 6.0 6.5 3.9 3.7 45 3.2 3.1 3.5
Calcium, g/m3 8.1 0.2 19.6 23.6 23 281 8.7 1.1 137
Magnesium, g/m?3 31.1 24 358 14.5 1.3 190 13.7 1.6 200
Sodium, g/m3 1015 139 10710 1111 157 11290 1155 165 11 600
Potassium, g/m? 9.6 0.9 119 10.0 1.1 112 9.6 1.3 106
Total iron, g/m?é <0.10 <0.10 <0.10 <0.10 <010 <0.10 <0.10 <010 <0.10
Total manganese, g/m?® <0.30 <030 <030 <030 <030 <030 <030 <030 <0.30
Strontium, g/m? 04 04 1.1 04 0.1 3.6 0.1 <0.1 32
Bicarbonate, g/m? 19.5 2.4 68.3 234 4.9 88.8 22.0 4.9 87.8
Carbonate, g/m3 N/D N/D N/D N/D N/D N/D N/D N/D N/D
Sulfate, g/m?3 914 222 9040 944 242 8940 966 273 8860
Chloride, g/m?3 1068 73.2 12000 1092 76.8 12200 1112 106 12100
T-alkalinity
as CaCQs, g/m3 16.0 2.0 56.0 19.2 4.0 72.8 18.0 4.0 72.0
T-acidity
as CaCOs, g/m?3 — — — — — — — — —
T-phosphorus
as POy, g/m3 0.04 0.06 0.08 0.09 0.05 0.24 0.02 0.01 0.02
Hydroxide, g/m?3 N/D N/D N/D N/D N/D N/D N/D N/D N/D
% anions, meqg/L 49.49 6.73 527.94 5085 7.29 531.84 5185 8.76 527.33
% cations, meq/L 47.37 6.29 499.38 5096 7.08 523.71 5205 7.40 530.67
Control value, meq/L +2.42 +2.10 +344 -012 +094 +097 -022 +5.61 ~-0.40
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Table E-2. Chemical analysis — lonics Aqua-
mite V electrodialysis — 1979 — Continued

September 24

Sample stream Feed Product Brine

pH, units 7.1 5.1 6.6
TDS, g/m? 3262 513 33491
Conductivity at

25 °C, uS/cm 5205 907 43860
E.F. 0.63 0.56 0.76
Silica, g/m3 2.2 2.0 3.5
Calcium, g/m? 131 0.6 179
Magnesium, g/m3 15.1 1.5 216
Sodium, g/m?3 1142 161 11 690
Potassium, g/m?3 9.8 1.3 104
Total iron, g/m3 <0.10 <0.10 <0.10
Total manganese, g/m3? <0.30 <0.30 <0.30
Strontium, g/m? 0.3 0.1 3.2
Bicarbonate, g/m?3 19.5 24 75.6
Carbonate, g/m? N/D N/D N/D
Sulfate, g/m?3 960 248 8900
Chloride, g/m?3 1100 96 12 320
T-alkalinity

as CaCOs, g/m3 16.0 2.0 62.0
T-acidity

as CaCOs;, g/m3 N/D N/D N/D
T-phosphorus

as POy, g/m3 0.46 0.32 1.80
Hydroxide, g/m3 N/D N/D N/D
2 anions, meq/L 51.35 7.91 534.17
Y cations, meq/L 51.83 7.19 537.95

Control value, meq/L  -0.564 +3.15  -0.45
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APPENDIX F — PILOT PLANT EQUIPMENT PROBLEMS

Summary

The Yuma Desalting Test Facility was designed and
constructed at the E&R Center by the Bureau of
Reclamation. During initial operation of the IX pilot
plant at YDTF, it became apparent that a number of
serious equipment problems needed resolution
before reliable operation would be possible. In
November 1977, during truck transport from Denver
to Yuma, the lower sections of both acrylic IX
columns were destroyed. This occurred because
the columns were left in upright operational position
in the IX trailer rather than packed and cushioned
for the trip. A rough highway and vibrations caused
the acrylic columns to fail. Associated piping to the
columns was broken. All were repaired within 3
weeks by using materials on hand. Fortunately,
spare 14-inch acrylic pipe, which was a special
order item, was on hand at the E&R Center.

The most serious IX equipment problems arose in
early 1978 from the 1- and 1.5-inch Plastomatic-
brand PVC solenoid vaives in the IX pilot plant. The
valve solenoids generated so much heat when
energized continuously {in the open position) that
the plastic would soften, allowing parts of the
valves to separate. This problem was accentuated
by warm Yuma, Arizona, ambient temperatures. In
addition, the valves closed so quickly that they
caused severe, repeated water hammer that
resulted in the continual appearance of water leaks
in the threaded PVC piping system. Saline water
flowing from leaks caused an electrical shock
hazard as the water contacted the hot, poorly
electrically insulated solenoids and undergrounded
solenoid wiring.

This situation required that the testing be sus-
pended, and most of the piping and solenoid valves
in the IX pilot plant were removed and discarded.
New electric motor-operated PVC ball valves were
procured from Asahi Valve Company, after an order
to Cellanese Corporation was cancelled because of
a labor strike. The entire IX piping system was
redesigned around the new valves by the Yuma
Projects Office. They were installed with glued PVC
fittings on specially fabricated pipe support frames.
This resulted in an excellent piping system, which
caused minimal downtime during the remainder of
the test program. The total delay in testing caused
by the vaive problem was about 3 months.

Numerous problems also were encountered with
the microprocessor used in the IX control system.

The original electrical interface between the
microprocessor and the electric valves and pumps
did not provide adequate electrical isolation. Elec-
trical spikes from the operating electrical equipment
frequently caused the microprocessor to operate
some valves or pumps erroneously that were not
specified in the microprocessor program. Several
months of intermittent work on more refined
interfacing of the electrical hardware were required
until a reasonably reliable system was developed.
Thefinal interface included direct-current-powered
relays between the microprocessor triacs and the
motorized valves and pumps. However, even the
final system was subject to occasional errors due to
electrical spikes in the power system. Micro-
processor control technology has advanced con-
siderably since the subject IX microprocessor was
purchased, and we believe that present equipment
would not be subject to the problems encountered.

Also, there were considerable problems with the
Signet-brand flow indicators. Because of poor
selection, the flowmeters had a range too high for
the flow to be measured, resulting in excessive
error—especially at low flow rates. These meters
had analog, current-powered readouts rather than
pulse-sensing digital readouts. Little trouble was
experienced with the pulse-sensing converters for
sending a milliampere signal to the recorder. The
flow meter hardware included flimsy, poorly in-
sulated electrical connectors which gave inter-
mittent signals when the parts became wet or dirty
— which is inevitable in such a pilot plant. The
more substantial connectors of the Signet flow
totalizer gave no such problem and Signet’s more
recent flow meters use such connectors. Factory
calibrations had grave error and recalibrations
were necessary. Volume and stopwatch measure-
ments ultimately provided the only reliable flow
rates for the IX. The flow meters were useful only
as flow indicators. The Leeds and Northrup speed
max. 250 Series multipoint recorder usedto record
flow rates was unreliable also and was finally
eliminated after repeated repair work failed to keep
the device operating reliably. Instead, a digital
voltmeter was used to monitor the flow readings.

Some Specific lon Exchange Equipment Failures
From Operating Logs

September 25, 1978. — Afailure occurredin one
of the microprocessor circuit boards which contains
the microprocessor output triacs (solid state relays).
The faulty board was replaced with a spare. The
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defective board was sent to the E&R Center for
repair.

November 26, 1978. — The recycle regenerant
pump P-4 started ieaking at the shaft seal. In-
spection revealed that the seal failure was caused
by scale buildup at the ceramic seal (predominantly
gypsum). The seal assembly was replaced, the
scale buildup of the pump parts was removed, and
the pump returned to service. A flushing procedure
was developed to minimize scale buildup in the
pump and appurtenant equipment.

January 10, 1979. — The chemical injection
pump, used for addition of acid or caustictotrimthe
pH of filter 10 effluent during transfer to the IX feed
tank (T-9), failed.

January 29, 1979. — During a fresh regeneration
of the IXresin at a specified flow rate of 3L/min, an
electric valve actuator failed to close a parallel flow
valve. This resulted in the flow rate increasing to
approximately 32 L/min, which resulted in a loss
of about 5700 L of fresh regenerant from the ED
brine storage tank. For repair, a faulty relay in the
valve control circuit was located and replaced. In
addition, operators began a new procedure of
checking the status of the microprocessor actuated
valves by observing the valve flags and pumps at
the start of each microprocessor mode.

March 10, 1979. — Two equipment failures
occurred during fresh regenerant production cycles.
The level control system of metering tank 2 failed to
stop the fresh regenerant pump 1 when the tank
level reached the pump cutout point. This failure
was detected when it happened, and equipment
damage or lost time did not occur. Inspection of the
low-level sensor revealed that process water had
entered and damaged the electricai component of
the sensor. The failed sensor was replaced when
power could be interrupted in the microprocessor
control system without losing time. The alternate
metering tank T-1 was used in the interim. The
other failure occurred during both regeneration
and exhaustion modes. Motor-operated valve 21,
one of the three column 1 regeneration flow control
valves, opened without being selected at about 3 to
4 minutes into these two modes. Upset did not
result from either occurrence because an isolation
valve was closed manually immediately after the
first incident occurred. The intermittent nature of
this type of failure makes isolation of the cause(s)
difficult.

March 27, 1979. — Faulty low-level sensors in
volume metering tanks T-1 and T-2 were replaced.
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April 5, 1979. — A rupture occurred in the lower
section of column 1 during the exhaustion mode of
cycle 3.08.25A. A large fragment of the 360-mm
acrylic cylinder broke away, spilling the majority of
the resin from the column. The rupture occurred
under approximately 60-kPa shell pressure along
paths of dense internal crazing which were visible
prior to the rupture. Inspection of other crazed
areas of the broken cyclinder section revealed that
the crazing was internal to the 6-mm-thick cylinder
wall; that is, the inner and outer wall surfaces were
smooth. Gradual crazing is a property of acrylic in
contact with water and limits the useful life of
acrylic for aqueous applications.

April 8, 1979. — The 4-mm (No. 5 sieve) fabric
screen which was glued to the distribution plate
above IX column 2 became partially unglued. The
screen was replaced with a larger circle of screen
retained by flange gaskets.

April 18, 1979. — A replacement IX column
fabricated at the Bureau of Reclamation, E&R
Center, was received at YDTF and installed. The
column replaced original column 1 which failed on
April 5. A spare replacement column was shipped
from the E&R Center later. The need for the spare
was evident from the extensive crazing in the
acrylic cylinders of column 2. Similar crazing was
the only forewarning of the failure of column 1. Use
of the same material (acrylic) for fabrication of the
replacement columns rather than clear PVC re-
sulted primarily from the time constraint. The
replacement column 1 was tested hydraulically
and loaded with resin.

A problem of poor flow distribution in the IX column
1 was investigated. Upon testing, it was found that
the flow distribution across the plate was uneven.
The diameters of the distribution plate orifices,
which were all originally 1.6 mm, were found to
vary significantly even after cleaning. Generally,
proximal orifice erosion and distal orifice fouling
were evident in the 356-mm-diameter distribution
plate from the single, central, 24-mm-diameter
flow source. The orifices in the central portion of
the plate was blocked off with an acrylic cover
which was redrilled to provide a balanced flow
distribution.

July 19, 1979. — Owing to frequent micropro-
cessor malfunctions, the IX operation was switched
to manual control and the microprocessor was
removed for maintenance.

July 24, 1979. — The agitator drive-motor bearings
became noticeably noisy in operation. The motor



was removed for disassembly and inspection. The
bearings were found to be in need of replacement.
Following reassembly and testing, the motor was
installed, and the agitator was returned to service.
Maintenance was completed during a period when
operation of the agitator was not required. This
failure occurred because the agitator had not been
lubricated according to manufacturer’s recom-
mendations.

August 8, 1979. — Prior to cycle 3.23.05A, the
microprocessor, which had been removed on July
19, was reinstalled and operation was returned to
microprocessor control. Several relays had become
marginally operabie and had to be replaced. The
long downtime was due to delivery delays for the
relays and some capacitors. The capacitors were
required to eliminate microprocessor errors, which
resulted from electrical spikes, from various elec-
trical sources.

August 20, 1979. — The start of cycle 3.23.29
was delayed 1.3 hours due to a microprocessor
relay malfunction. The faulty relay was replaced
and normal operation was resumed.

September 8, 1979. — The beginning of cycle
4.01.34 was delayed 9.0 hours due to a mal-
function of the low-level sensing device of tanks
T-9 and T-10.

lonics Aquamite V Electrodialysis Equipment
Failures From Operating Logs

October 28, 1978. — The motor-operated product
diversion valve failed and caused the 110-V control
circuit fuse to fail. Since the unit was not able to
attain 95 percent recovery and the reason was not
apparent at the time, the ED unit was left secured
over the weekend.

October 30, 1978. — The motor capacitor and
motor were found to be defective on the product
diversion valve. These components were replaced
andthe valve was tested and returned to service. A
relay in the valve control circuit was found to have
burned contacts and this relay was replaced also at
the time. The ED unit was brought on-line and
adjusted to 95-percent recovery. However, recovery
repeatedly dropped below 95 percent and the
desired brine conductivity of 6.2 S/m could not be
attained.

November 1, 1978 — The product diversion
valve failed again. The valve was returned to
service but, within a few hours, the controlier

housing became abnormally warm. The entire
valve and controller assembly was replaced. This
solved the problem and the removed valve was
repaired.

November 11, 1978. —The membrane stack was
disassembled and inspected following the devel-
opment of an excessive voltage drop across agroup
of cell pairs in the first hydraulic stage. Incomplete
cell pairs were found at two locations in the area
where the excessive voltage drop had been de-
tected. The membranes that were out of sequence
were relocated to their correct positions during
reassembly. (The stack had been assembied in this
disorder by the manufacturer’'s representative.)
Other problems were not found. A voltage probe of
the stack following reassembly indicated a normal
voltage drop pattern throughout the stack.

November 12, 1978. — Tests conducted revealed
that the high-pressure relief valve located at the
brine pump discharge had failed and was relieving
back to the suction side of the pump. This failure
was severely limiting the quantity of brine recycle
and, thus, that of the recovery and reject con-
centration. The valve was replaced and the unit
was returned to service. The defective valve was
shipped to lonics, Inc. for replacement under
warranty.

November 20, 1978. — A replacement brine
pump was received and installed on the ED unit.
The bronze Aurora-brand (a unit of General Signal
Corporation) turbine pump gradually lost output
pressure because corrosion of the close tolerance
impeller. This type of corrosion is accelerated at
high brine concentrations and low pH.

November 1978. — Installation of instrumen-
tation for automatic startup and shutdown of the
ED unit was completed. The equipment monitored
the level in the ED feed tank and operated the unit
on the basis of feed water availability.

Electrical and plumbing preparations were begun
to allow relocation of the ED unit prior to Phase 2 of
the high recovery program. A 2- by 10-m enclosed
trailer located south of the IX trailer was outfitted to
contain the ED unit. Relocation of the ED unit was
done to allow preparation for PTU (proof test unit)
installations on RO pad 2 where the ED was located
originally. The move was accomplished on De-
cember 26, 1978.

The high-level sensor float in the brine storage tank
T-28 failed to indicate a high-level condition on
December 18, 1978. The situation was discovered
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before any loss of brine occurred. The float was
found wedged between the low-ievel sensor conduit
and the tank wall. The high-level sensor was
relocated during the week to prevent a recurrence.

Partial drain down of the ED stack and piping had
occurred during shutdown periods since Decem-
ber. On December 21, 1978, the main ED feed
valve was inspected and found to be out of ad-
justment. The cam-operated microswitches in the
actuator were adjusted to provide a watertight seal
when the valve was closed.

During past operation of the ED unit, numerous
failures have occurred in the product and brine
diversion valves. These two valves were operated
in parallel on the ED used for high recovery, by
diverting the product and brine back to the feed
tank when the brine was off specifications, or to
storage when the brine met specifications—as
measured by a brine inline conductivity instrument.
Continuous cycling of the valves when the brine
stream was at, or passing through, the specifica-
tions level was contributing to the valve failures
described earlier. A time delay relay was installed
to delay the diversion of the product and brine
streams to storage. This modification reduced the
number ottimes these valves cycled as the criterion
level was passed.

Because of the relocation of the ED unit to a more
remote and elevated location with respecttothe ED
feed tank T-33, the need of a transfer pump in the
feed system was required for providing adequate
flow. The control of the transfer pump was inte-
grated with the ED control circuit to provide com-
pletely automatic operation with provision for
manual shutoff override at the pump for main-
tenance and safety.

November 20, 1978. — A decline in the ED unit
brine pump capacity was noted. The brine pump
was replaced due to loss of pumping capacity after
about 360 hours of unit operation at varied brine
concentrations. As a result the brine pH was added
to the list of unit conditions being monitored and
recorded. A criterion was established that, if the
brine pH was detected to drop to 5.2 pH units or
less, the rectifier was to be turned off and the brine
stream flushed with feed water until the brine
stream pH reached 6.4 units.

* * * * *

February 1, 1979. — To improve the accuracy of
the TDS through determinations from electrical

conductivity measurements in the YDTF Chemical
Laboratory, the Beckman Instruments, Inc. model
RC-18A conductivity bridge was sent to the Yuma
MCAS (Marine Corps Air Station). On February 5,
MCAS returned the bridge after checking the
values of bridge resistances and replacing corroded
wires. At YDTF, calibration of the epoxy dip con-
ductivity cell with a standard cell yielded a correction
factor of 1.02. These corrections reduced the
instrument error from approximately 7 percent
down to within 2 percent of documented solution
conductivities in the range of 2t0 5 S/m.

March 23, 1979. — The bronze ED concentrate
pump was replaced again, this time after about 940
hours of operation at varied brine concentrations.
Inspection of the pump revealed the obvious cause
of the performance decline to be erosion at both
radial edges of the turbine buckets. This wear
appeared to be accelerated by corrosion. A crack
was detected in the pump’s outer casting. Re-
placement parts were ordered. Upon arrival of
parts, the damaged pump was rebuilt (as a spare).
Isolation and bypass valves were installed around
the ED feed-forwarding pump to allow flushing of
the membrane stack using clearwell forwarding
pump 3. A faulty local cutout switch in the ED
feed-forwarding pump control circuit was replaced.

March 27, 1979. — The ED unit was secured due
to burning of components in the membrane stack.
The burning was detected when an operator
removed the stack enclosure panels to investigate
an odor of burning plastic. Fusing of the outer edge
of several electrode and intermembrane spacers
was evident near each of the four electrodes. The
membrane stack was disassembled and selected
components were inspected. The most significant
and obvious damage was sustained by the electrode
plates themselves. Generally, damage to the elec-
trodes appeared to result from failure of the very
thin plastic insulation tape used to prevent short
circuiting of current between intended dead areas
of oppositely charged electrodes. The location of
damage to the electrode plates indicated that short
circuiting occurred: (1) through the intraelectrical-
stage brine channels, and (2) across the outer
surface of the membrane stack. The visible minor
damage to other elctrode compartment components
and adjacent components was limited to non-
effective areas of those compartments. All of the
needed replacement components were on hand.

April 2, 1979. — Reassembly of the ED membrane
stack was completed. The components of all four
electrode compartments (electrodes, electrode
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spacers, and electrode heavy cation membranes)
were replaced. In addition, 14 cation membranes,
10 anion membranes, and 17 intermembrane
spacers were replaced. The ED unit was returned
to service following 158 hours of downtime.

April 9, 1979. — A high, 26-V drop was measured
across the second 'Y" stream spacer of the third
hydraulic stage of the ED unit. The unit was
secured immediately. On April 10, the membrane
stack was disassembled and inspected. Obser-
vations were:

1. The electrical insulation tape on all four
electrodes had deteriorated by current short
circuiting between intended dead areas of
the electrodes above and below both the “X"
and Y’ channels (the dilute and concentrate
streams, which interchange with polarity
reversal) and along all four outer edges of
the four electrodes.

2. In the second hydraulic stage, the outlet
ports of the last two “Y" stream spacers
were obstructed with a salt which was
insoluble in a 10 percent HCI solution —
indicating that the salt was probably gypsum.

3. Thefirst eight cell pairs of the third hydraulic
stage had a heavy salt encrustation partially
obstructing the “Y" outlet channel.

4. The inlet port of the iast 'Y’ stream spacer
in the third hydraulic stage was obstructed
with salt.

5. A heavy residue of salt was precipitated on
the widest wall of the trapezoidal X" stream
inlet channel through the last three cell
pairs of the fourth hydraulic stage. The “X"
stream spacer inlet ports are opposite the
widest wall and were unobstructed.

Component replacements inciuded;
1. All four electrodes,
2. E-1 electrode compartment spacer, and
3. Components of the first two cell pairs below
E-3 (two cation membranes, two anion

membranes, and four intermembrane
spacers).

Component repairs were:

1. All electrical insulating tape was removed
fromreplaced electrodes and fresh tape was
applied.

2. Electrode compartment spacer channel
inserts were mended with RTV (silicone
base sealant).

3. Brine pump channel rings and impeller
were replaced with spares.

April 14, 1979. — The ED unit brine pump failed
again. The pump had operated only 15 hours after
being rebuilt on April 13 with the best used
components on hand. The ED unit remained off line
until April 16 when the brine pump capacity was
restored following assembly with a set of re-
machined channel rings. Failure downtime of the
brine pump was 56 hours.

April 19, 1979. — A new bronze turbine pump
was received from lonics, Inc. The new pump was
installed in place of the pump that was re-
assembled on April 16 since it was already failing.

May 3, 1979. — The bronze ED concentrate pump
was replaced with a Flotec, Inc. model C10 pump
received onsite May 2. The Flotec pump was
constructed of PVC and had a Hastelloy TM type
shaft. There was no downtime due to the brine
recirculation pump after the pump substitution was
completed.

May 14, 1979. — The ED membrane stack had
been flushed with a 5-percent solution of HCI due
to a higher than normal voltage drop (26 V)
occurring during negative polarity above the lower
electrode of the first electrical stage. On May 21,
the ED stack was disassembled because of recurring
higher than normal voltage drop (20 V) in the same
vicinity under the same conditions.

Observations were:
1. First hydraulic stage
a. Thefirstsixcell pairs were fusedtogether

by melted spacer plastic at the outlet
port corner.
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2. Second hydraulic stage

The cell pair 49 lower spacer was ob-
structed with white salt (soluble in 10-
percent HCI) through the last three
passes and at the rectangular inlet port.

a.

The electrode compartment and com-
ponents of the cell pair directly above
cell pair 49 were fused at the outlet port
corner and inlet port corner.

The heavy cation membrane and eiec-
trode compartment spacer areas near
the electrode compartment spacer in-
serted channels were partially separated
fromthe remainder of those components
and were burned at the edges of these
areas.

Replacements were:
1. First hydraulic stage

a. Cellpair 75, anion membrane and spacer

above and below, were replaced because
of shear damage — probably resulting
from spacers misalignment.

2. Second hydraulic stage

a. Forcellpairs 40,44, 45,46, and48, the
same components were replaced for the
same reason as 1a. above.

b. Forcell pairs 49 and 50, all components

were replaced because of scaling.

May 29, 1979. — The ED unit was shut down on
May 29 because of leakage from the brine di-
version valve. A failed O-ring seal was replaced and
the unit was returned to service after 1.3 hours.
There was not any IX experiment downtime because
continuous operation of the ED unit was not
required.

June 11 through 13, 1979. — Several inter-
mittent failures of the starter unit (230 V) for the ED
feed transfer pump motor were experienced. On
one occasion, the transfer pump failed to start, and
was electrically “tripped” off line on three occa-
sions. The problem was eliminated by replacement
of one of the two-phase overload relay heater
elements (eutectic alloy and ratchet type). The
failures resulted in 2 hours of lost time for the test

program.
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July 10, 1979. — The ED stack was disassembled
for inspection and instaliation of the improved
electrode compartment spacers, which were re-
ceived on July 9. The new spacers were sent by
lonics, Inc. to provide better electrical insulation.
Observations were:

1. Electrical Stage 1

a. Rectangular grommet of electrode E-1

was torn.

There was slight scaling around E- 1 port
openings.

There was fusing of the inserts in the
closed off ports of the E-1 spacer to the
electrode compartment cation mem-
brane.

There was slight fusing on the corner of
the first five cell pairs near the outlet
ports.

There was minimal damagetothe taped
areas of electrode E-2.

Electrical Stage 2
The encapsulation of the electrode rinse

ports of electrode E-3 was crinkled and
separating.

a.

The electrode terminal side of the stack
showed a severe brown discoloration
caused by rust from the center electrode
connector.

A minor flaw from manufacturing was
discovered in the cation membrane of
cell pair 112.

There was white precipitate on the
edges of the YY" inlet ports of cell pairs
119 through 125. The sample was sol-
uble in 10-percent HCI and effervesced
nrofusely and was thus assumed to be
calcium carbonate.

Minimal fusing occurred in cell pair 123
on edge near “Y" inlet ports.

f.  Anion membrane of cell pair 124 was
slightly warped and fused to the spacer
near “Y" inlet ports.



A slight separation of closed off ports of
the electrode compartment spacer was
noted (E-4 compartment).

There was a white deposit around X"
inlet port of electrode E-4 and a slight
deterioration of tape along one edge.

Repairs and replacements were:

1. Electrical Stage 1

a.

On electrode E-1, the edges were re-
taped and the grommets were replaced.

Electrode E-1 spacer was replaced.

All components of cell pairs 1 through 5
were replaced.

Electrode E-2 compartment spacer was
replaced.

2. Electrical Stage 2

Electrode E-3 compariment spacer was
replaced.

The cation membrane of cell pair 112
was replaced.

Anion membrane of cell pairs 124 and
125 was replaced.

Heavy cation membrane was replaced.

Electrode E-4 compartment spacer was
replaced.

E-4 electrode was replaced with a re-
taped spare electrode.

Most of these stack failures occurred because of a
poor insulation design in the lonics, Inc. ED stack,
which became evident during high recovery opera-
tion. Later design modifications by lonics, including
encapsulation of insulated electrode areas, miti-
gated many of these problems.
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APPENDIX G — MODIFIED GYPSUM SATURATION COMPUTER PROGRAM

Modified gypsum saturation computer program
was based on one used at YDTF for estimating the
percent recovery or concentration factor corres-
ponding to calcium sulfate saturation [9].

The program is written in FORTRAN IV and used on
a Control Data Corporation computer at the E&R
Center. The YTDF program was modified to caiculate
the incremental molar concentration to saturation
for the particular solution; that is, the moles/L of

gypsum that needed to be added (-) to or removed
(+) from the starting solution to reach saturation in
gypsum. Thus, only the Ca*2, SO;2, and TDS were
changed in the entered solution composition to
reach saturation, unlike the “Marshall Program”
[9] used at YDTF in which the concentration of all
ion charges with the concentration factor.

The following program was used to calculate
values shown in table 11.

Q0100 PROGRAM LAVEGWA({INPUT,DUTPUT,TAPES=INPUT, TAPE6=CUTPUT)

00137¢C
00200C
00300C
00400C

GYPSUM PRECIPITATION CALCUL ATIONS

MODIFIED BY J. KAAKINEN

PROGRAM IN FORTRAN - ALTERFD FOR HIGH RECOVERY EXPERIMENTS

00500 DIMENSION TITLE(4),CA(13),VAL(13),YYY(13) ATOMWT(13)
005C1 DATA ATOMWT/40.08,24 312,22.9898,39. 102,55.847,
00502+ 54.938,87.62,1.0,61.001,1.0,96.04,35.453,94.9498/

00505 DATA VAL/2.0.2.0,1.0,1.0,2.0,2.0,2.0,1.0,1.0,1.0,

00506+ 2.0,1.0,.3.0/

00510

CO511C READ IN TITLE, TEMP, ARRAY CA FOR ION VALUES
00512C

00515 22 PRINT =« HENTER THE TITLE#

00516
00517

READ(5,3) TITLE
3 FORMAT(4A10)

00520 PRINT + #INTER THE TEMPERATURE IN DEGREES CELSIUS#

00523 READ » TEMP

00526 PRINI+ #ENTER THE MG/L OF THE IONS IN#

005238 PRINT#, #ORDER USING ZEROS FOR NON-DETECTED OR NOT USED.#
CQO532 PRINT«,#PUT COMMAS BETWEEN VALUES AND NEGLECT T-ALK,#
CO535 PRINT+ #P-ALK, AND NH-PO4#

00538 READ=*,CA

00540 CACA=CA(1)

00900 TA-TEMP+273 16

01000 SOLPO-10. «*(390.9619-152.6246+AL0OG10(TA)
01100+-12545.6/TA+0.0818493+TA)

01200 XKDISO=10.++(- 158 .540+62. t6O*ALOG10(TA)
01300++4810.6/TA-0.046298+TA)

01302C

01303C CALCULATE THE CURVE DATA DHS

01304C

01305 IF(TA.LE.273.0 .OR. TA.GT.373.0) GO TO 21
01310 DHS=0.00987+TA++0.6333

01315 GO TN 30

01320 21 IF(TA.LE.273.0 .OR. TA.GT.550.0) GO TO 31
01325 DHS-0.00008049+TA*+1 506

01330 GO TO 30

01335 31 PRINT«, #ERROR IN TEMPERATURE ABSOLUTE,
01340 G0 70 99

01345C

O1350C CALCULATE A.B,.C

01355C

01360 30 A=1.60 -0.155 = EXP(-0.02054*TEMP)
01365 B= 0.088 * EXP(-0.0605*TEMP)

01370 C= 0.02 » EXP(-0.01336*TEMP)

01375¢C

01380C CALCULATE AT1,
01385C
01386

01387

01390

01295

01400

01405

01410

01415

01420
01425

01600
01700
01800

CALt, R, TMG1
KK=0

DO 33 K=1,100

A11=0.0

DO 35 1=1,13

YYY{(1) CA(1)/(1000.0 *+ ATOMWT(I))
AY1=AI1 + (YYY(I) / 2.0 » VAL(I)*+2)
35 CONTJINUE

CAL1=YYY(1)

R=YYY(11)/YVYY(1)

TMGI=YYY(2)

SOLP1=R+CAL1+#2 ’

FMRA=AT 1+(0.9970-0.Q1BA3+AI1)

WF1=A[14(0.05838-0.003260*A11+0.00012489+Al 1+¥2)
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02000 ASSMG=0.0
02100 CFML=1

02200 0O 23 J=1,100

02300 CAL=CAL1*CFML

02400 TMG=TMG1+CFML

02500 AL=A11+CFML-4.*ASSMG

02600 SOLP=SOLPO*10. ++(8. «DHS*SQRT(AI)/(1.+A*SQRT(AI))
02700++B+A1-C*Al**2)

02800 XKDIS=XKDISO*10.*+*(8.*DHS*SORT(AI}/(1.+SQRT(AL)))
02900 ASSMG=TMG+SOLP/(XKDIS*CAL+SOLP)

03000 X=SORT({SOLP+ASSMG*CAL)/SOLP1)

03100 IF(ABS(X-CFML)/X-.001)24,24,23

03200 23 CFML=X

03205 24 IF(ABS(X-1.09)-0.005)34,34,25

03210 25 SCR={YYY{11)*X-ASSMG)/(YYY(1)*X)

03215 IF(SCR-1.)27.26,26

03220 26 CALN=YYV({)*X

03225 YYY(11)=YYY(11)-YYY{1)+CALN

03230 YYY(1)=CALN

03235 GO T0O 29

03240 27 SULN=YYY(11)*X

03245 YYY(t)=YYY(1)-YYY(11)+SULN

03250 YYY(11)=SULN

02255 29 CA(1)=YYY(1)*x1000. *ATOMWT (1)

03260 33 CA(11)=YYY(11)*1000. *ATOMWT(11)

03265 34 KK=KK+K

03300 JJ=J

03301 CASR=(CACA-CA(1))/ATOMWT (1)

03400 AIF=CFML=*ATIHY

03500 CFWF=AIF+(0.05838-0.003260+A1F+0.00012489+
O3600+AIF*+2) /WF1

03700 CFMR=AIF+(0.9970-0.01883%AIF)/FMR1

03800 WRITE(6,4)TITLE

03900 4 FORMAT(///1H ,4A10)

04000 WRITE(6,.5)A11

04100 5 FORMAT(27H IONIC STR OF SALINE WATER=E12.4)
04200 WRITE(6,6)CAL!

04300 6 FORMAT(26H INITIAL CONCN OF CALCIUM=£12.4)
04400 WRITE(6,7)R

04500 7 FORMAT(20H MOLAL RATIO SO4/CA=E12.4)

04600 WRITE(6,8)TMG1

04700 8 FORMAT(28H INITIAL CONCN OF MAGNESIUM=£12.4)
04800 WRITE(6,9)

04900 9 FORMAT(Z28H A PAR FOR KDISS(MGS04)=1.0 //)

04910 WRITE(6,91)CA(1)

04915 91 FORMAT(31H CALCIUM CONCENTRATION (MG/L) =F10.2)
09420 WRITE(6,92)CA(11)

09425 92 FORMAT(31H SULFATE CONCENTRATION (MG/L) =F10.2)
09426 WRITE(6,94)CASR

09427 94 FORMAT(32H CASD4 PRECIPITATED (MMOLES/L) =F8.4)
09430 WRITE(6,93)KK

09440 93 FORMAT(7H ITuk =16//)

05000 WRITE(6,10)

05100 10 FORMAT((60H CONCN FACTORS FOR CASO4 DIHYDRATE),CF=CONCN(SATD)/CONCN(INI
05200+44HTIAL))

05300 WRITE(6,11)

05400 t1 FORMAT(61H TEMP(C) CF(MOLAL) CF(MOLAR) CF(WT FRACT) ION STR(MOLAL-SATD
C5500+17H SOLY PD(ZERO) IT)

05600 WRITE(6,12)TEMP ,CFML,CFMR,CFWF AIF,

05700+S0LPO, JJ

05800 12 FORMAT(1H,F9.0,2F10.5,F13.5,F16.5,F17.8,13//)
05900 WRITE(6,13)

06000 13 FORMAT(52HOPARTICULAR CONSTANTS USED IN THE ABOVE CALCULATIONS)
06100 WRITE(6,14)

06200 14 FORMAT(60H TEMP(C) DH SLOPE K(0O)DISS(MGSO4) A PARA B(GYPS)
06300+9H C(GYPS))

06400 WRITE(6,15){( TEMP,DHS,XKD1S0O,A,B,C . 1=1,NST)

06500 15 FORMAT(F10.2,F10.4 ,3X F14.8,F13.3,2F11.4 )
06600 KECOV=100- 100/ (CFMR)

06700 WRITE(6, 16)RECOV

06800 16 FORMAT(//18HOPERCENT RECOVERY=F10.2//)

06805 99 PRINT*, #D0O YOU WANT TO PROCESS ANOTHER#

06810 PRINT= #SET OF DATA\ - TYPE YES OR NO#

06815 READ(5.,2) IANS

06820 2 FORMAT(A3)

06830 IF(IANS.€EQ.3HYES) GO TO 22

06835 STOP

07000 END
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APPENDIX H — SAMPLE OF ION EXCHANGE DATA REDUCTION

The following is a description of the methods used
in the mathematical analysis of an ion exchange
data cycle. Data from cycle run No. 2.01.76 are
used in this sample calculation. Raw data sheets,
tables H-1, H-2, and H-3, include the IX operating
data sheet, which has the lines numbered here for
easier reference, the operator's tritration data
sheet, and the chemical laboratory analyses sheets,
respectively. Chemical laboratory results, and not
operator’s titration results, are used in this sample.
Results for this sample calculation are in table B-5
and figure B-3 in appendix B.

The volume of resin in column 1 was 97.3 L. This
value was calculated from an average resin height
of 1066 mm (measured after backwash, regen-
eration, and drain down to the top of the resin bed)
and the column inside diameter of 341 mm,
corresponding to 91 300-mm? of cross-sectional
area. Thus, the resin volume was 97.3 L (1066 by
91 300-mm?}. This volume was used in the ex-
pression of IX throughput volume as numbers of
resin BV (bed volumes) a dimensionless expression
of water throughput volume, flow rates (BV/min),
and for the calculation of specific resin capacities
as equivalents of calcium removed per liter of resin
{eq/L).

Throughput Volume Calculation for Each Mode

Throughput volumes are used in plotting column
effluent concentration data and for calculating
average leakage and resin capacity.

Regeneration 1 (or Backwash). — The mode
duration from operating data sheet (table H-1) line
14 was 7.00 minutes. The flow rate from line 15
was 28 L/min, which corresponds to 0.287 BV/min
in terms of bed volumes (28 L/min -~ 97.3 L). Total
throughput volume was 196 L (7.00 min X
28L/min)or 2.01 BV (196 L+ 97.3 L). Percent bed
expansion was calculated from the resin height
measured at the end of the mode and from the
standard resin height. Thus, [169.0 cm (line 17) -
106.6 cm] ~ 106.6 cm = 0.59 or 59 percent.
Samples were collected at the beginning of the
mode and at the end, as shown in table H-2.

Regeneration 2. — The initial sampling point
corresponded to the last point of Regeneration 1.
Total volume was calculated from the duration in
line 17 and the flow rate in /line 19, 34.0 min X
26L/min=8841L;884L +97.3L=9.09BV.The

incremental times between samplings were de-
termined by calculating the difference between
sampling times for the laboratory analysis or titra-
tion data sheets as shown in table B-3. The
incremental bedvolume (throughput between samp-
lings) was the product of the time increment and
the flow rate; for example, 7min X 0.267 BV/min =
1.87 BV. The accumulated bed volumes were the
sums of the corresponding and all previous volume
increments of that mode. In the case of Regenera-
tion 2, the accumulated volume was continued
from Regeneration 1.

Regeneration 3. — The total volume was 400 L,
listed as volume from tank 2 in /ine 5: 400 L +
97.3L=4.11BV. The duration was 135 minutes as
given in /ine 21. The average flow rate was
2.96L/min (400 L ~ 135 min) or 0.030 BV/min
(2.96L/min = 97.3 L).

Rinse. — Only a slow rinse was used. The volume

throughput was recorded as a totalized volume of
160 L on/ine 28. Applying a calibration factor of 1.1
(unnecessary for cycles after 2.01.119A when the
totalizer was recalibrated) gave a throughput of
165 L, or 1.70 BV. The duration was 10.0 minutes
(ine 27). The flow rate was 16.5 L/min {165 L +
10min)or 0.17 BV/min.

Service or exhaustion. — Leakage gradually rose
to the termination point of 3.0 meq/L calcium at a
time of day of 1310 (military time units), as shown
on the titration data sheet. The elapsed exhaustion
time was 164 minutes {/ine 17). The total volume
throughput, 4450 L (/ine 12), was corrected by the
1.1 calibration factor to 4895 L or 50.3 BV. Average
flow rate was 29.8 L/min (4895 L + 164 min) or
0.307 BV/min. The time increment and volumes
were calculated the same as for regeneration.

Discrete Column Effluent Concentrations

The concentrations, expressed in meq/L, were
calculated from laboratory analyses for Ca, Mg, and
Na. The equivalent weights of Ca*2, Mg*2, and Na*',
are 20.04, 12.15, and 23.0, respectively. Cacula-
tions of the concentrations for sample No. AN 502
in table H-3 are illustrated as follows:

Ca: 630 mg/L+20.04=31.4meq/L
Mg: 360 mg/L+12.15=29.6 meq/L

Total
hardness: 31.4 meq/L+29.6 meq/L=61.0 meq/L
(assumed Ca + Mg}

Na: 2290 mg/L +23.0=99.6 meq/L
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In the case of the end of Regeneration 3, the last
sample collected is from above the resin bed
during drain down.

A plot of data from these calculations is shown in
appendix figure B-3.

Average Column Exhaustion Effluent Concentra-
tions. — Theseyielded the overall calcium and total
harness balance of a run. They were obtained by
numerical integration (using the trapezoidal me-
thod) of the data in calculations for calcium, as
follows:

0.29+0.26
5.83 (—5——

Dividing by the 50.3-BV throughput yields an
average calcium leakage of 0.827 meq/L. Using
the same procedure, average exhaustion effluent
concentrations for Mg, total hardness, and Na
were calculated as 2.14 meq/L, 2.96 meq/L, and
47.4 meq/L, respectively.

Average Exhaustion Influent Concentrations. —
Average Ca in samples No. AN 520, AN 534, and
AN 526 from chemical analysis sheets yielded
6.27 meq/L Ca. The calculations for the major
cations was similar, yielding for Mg, Ca+Mg, and
Na: 6.06 meq/L, 12.3 meq/L, and 38.1 meq/L,
respectively.

Major Cation Balance
For Ca, Mg, Ca+tMg (total hardness), and Na in

terms of equivalents exchanged, the influent minus
the effluent should be close to zero.
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0.26 259)
)+4.605{5— +0.26+027+0.33+0.45+0.76+1.24 + 1.85 + 5 +3.07(

Ca: (6.27 meq/L -0.83 meq/L}4895 L = 26 600 meq= 26.6eq
Mg: (6.06 meq/L -2.14 meq/L)4895L= 19200 meq= 19.2 eq

Ca+
Mg: (12.3meq/L -2.96 meq/L)4895L = 45800 meq= 45.8 eq

Na: (38.1 meq/L -47.4 meq/L) 4895 L = -45 500 meq = -45.5 eq

The sum of Ca+Mg and Na is 300 meq or 0.3 eq.
(This information is a check for arithmetic and
other errors only and is not reported in the IX data
packets contained in appendixes B, C, and D.)

259+ 2.94)

; (meq—BV

)

Calculation of Resin Capacities

For Ca, Mg, Ca+Mg (approximate total hardness),
the equivalents removed (calculated above) divided
by the resin volume vyield resin capacities for the
particular operating conditions.

Ca: 26.6eq ~97.3L=0.273 eq/L

Similarly, resin capacities for Mg and Ca + Mg are
0.197 eq/L and 0.471 eq/L, respectively.

Calculation of TWRC

Values for TWRC for calcium were calculated from
the specific resin capacity (0.273 eq/L) and total
cycleduration(7+34+135+3+10+164=353 min).
For cycle 2.01.76 the TWRC was 0.273 = 353 =
0.773 meq/(L-min). This value for TWRC was not
the one in appendix B data because the definition of
TWRC was recently changed to the one in the
Glossary.



Table H1. — Sample IX pilot plant operating data — Yuma Desalting Test Facility

1 RUN NO. 7,0/'7&"2'0’-77 0l78\ 20/ 79 22 /58
A7 O T LT 2R AL | /oqF 7 [Agoct 12 [P T 0l
2 DATE/TIME 07tS 11330 0008 lasao 29
3 INITIALS RH pJIRv  DJ 5%” 724 DY D) S
4 Tank 1(5.22 ¢/em)  Fer] ] A(ZT i B e ﬁeg*"“ a0 =1 =
5 Tank 2(5.22 e/em)Fher 1y et 10015 - =- 54
6| gt e PR AT s P s (R B s
R S R T Y C A A P P Ty
Bl Mhead T R O B S 1 R e i3I 3P sy
9 Tank 28 Level, %
To| W B I s o D B T |
1l oo D T o iee B R
12 |V | yolume (10 x 2) v 8 vol Bty al bs3B 5y jS{gz o 36
13 £ | Flowrate (2/min) 30,0 i 3&0 Z0-5 | 30,0
14| £ | turation (oin) 007 loo7 | pog | nase lois
151 5 | Flowrate (/min) 29.% | 230 27 as 27
16 | 1| (38 ond ot robey 19,9 11¢1.0 | s4y0] 7630 |[£3,5
17 | ® | ourezion (nin) 034 | 0% | o34 | o34 |o3Y
1816 | temperature (9) 2)° 225 1228 | 222° |21.5°
1910 | Frourate (¢/min) 260 | ato | 140 | 260 | 26,9
20 |2 | (o b e sotey) €20 fe35~ | 625 |y 2~ | 152
21 E Duration (min) ‘35_ /37 100 { O 09
22 (E; Temperature (°C) 23,9 2457 07/;’-5: 22,27 | 29°
2310 | Flourate (£/min) 2,96 | ety ER R
2] 3 |5 a5 1025 | Jo9nl sar | 102E [Tr06.6
25| R | ouration (min) 003 023 1003 003 10053
A I"Resin Heignt (cm) _ =
26|/} | (at end of mode) 104, 9 /055 1 Jns. S 106¢ 051D
2715 | buration (min) 0I° | g/ 0,0 | n)o (010 -]
L | Totalizer volume (10 x £) . L s
28D ¢ initial 3321 | |50 375/\/90 +511//(ao qglgll 50 5'-“"//50
291 B Frourate (¢/min) IR 7 IG5 | /55|
30! | ouration (min) ~ - - -
315:_(10r1tdxhezfrf1y§a]fme { ve [A vol | — I— - l | - ] < - I - [
32| E| Frourate (¢/min) - -
|L Lab samples; T, Titrations; \/\[X X P RS
L 331 €, Conditioning; g A O O A O T O N o I A

Coiw lEH/TySﬂKE./L 20177 Lpeling Sl e 7O Tt OLCDITO I D"l
el Olacs S T T v e Lime Thcy Al W)LZ@LK(’(;L_
B Fmer Koy CE Purssec ool Slocless /ﬂdp&}__ﬁf____ﬁr{-e Lite
27 4
A B2 B/t Dhor To Corfoncoedt Lehl Cov

lvyo 7Teil/v LR VA .

Revised 10/24/78 PEL/ch
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Table H2 — Sample IX pilot plant titration data — Yuma Desalting Test Facility

Uperator's {itrations

IX PILOT PLANT TITRATION DATA Date .2 7&}7?
176 gﬂmplzg &_Am//(-r).i/
—

TITRANT TTTRAnT
" - VOL. {me) VOL. (mg)
o Yo Iwooe msesr. | niTIALs T0TAL
' CALCIUN HARDNESS
{mea/f)

(rea/)

ons | ooy K- 1-£ 1 R |z0] 3005 <o

YUMA DESALTING TEST FACILITY Fun LQQE_)

07222 [oYs)e) 9| Hho 190|  G0.0
0725 027 | 2" i s0| o0 o] J00.0
0736 020 T N S| slo |l 06,0
o743 o2 |~ " T " 72 420 143 93,0
o743 /3 = i Ss1 S5 56| Jo0. 0
O750 PO, ) o } 4.9 49.0 0.1 /of.D
o7se | 4 |7 3" " 981 425 |97 97,0
o5l (20 | 00T i S| %0 {4yl G6.0
0336 /DO ) C ! 65| efo |es| 7320
mise | oo |7 7T " 25| 950 |722] 1990
o8s¢ | _ofo | " " T " 15| Giolsa| 0%
0 96 onco | 1 E i 271 720192 1490
o973 OO T " 89| 930|725 Is00
095¢ ozo | U | £33 35 e 1390
/003 | o3 | " D-p " leol goo [us] /330
[0/ o/o | K- s-F ! 2)51 2S5z 395
(o2l cos” | " " | ° RiEAR 4,9
102 797 S -7 L5 C.2 | 309 12
/026 997 " F ’ A 2|3 7
/045~ 980 " ) ; J 2 |25 5
Joo | 95 -7 N 2 |, 5
/5 750 o ! Js 3 |y .9
/130 935~ 7 " N 2| (e
/s~ 20 | Serviee | R e | ¢ |30 r2.0

1175 720 " Crr 3 , 25" .0 | .75 {.s

/200 o5 T i .3 Lo bast LY

/215 £50 T : S| Lo lpes] 3.3

1230 875 - : " st L5 ] &2

j245” §60 - ) W95 19 Izl 72

1300 | 845 - ) 1 28 a3l s

/3/0 | 835 o - /5 30 |4el 9.2

{3/0 €35 ) Ly ’ A 64 12.9] 1.6
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Table H3 — Sample chemical laboratory analyses — Yuma Desalting Test Facility

TEST RUN NO.

Hi- RE

(2.01.3¢C)

/or6

ANAL. DATEWEEK OF )0-23-38 chHeck

AN 502 503 504 505 502 508 509 510
N DATE | J0-27 W V >
b | TIE (R]OFHE |O0F22 [0S |0F3¢C (0743 | 07?50 |0O?56 03816
¢ SOURCE |R-1-EF |R-1-EF |R2-EF|0-2-€F [R-2-EF | R-2-€F | R-3-¢F |@2-3-¢F
SPEECIE mg/1 mg/1 mg/1 mg/1 mg/ 1 mg/1 mg/1 mg/1
Units| pH I
Deg. ¢
us EC
1. NFR
2. VR
3. FR
| we [3e0, 1'$722 (w50 663 [zs¢ [e49. [¢37 |€3S
5.1 oo,
o.| @+ e300 (950 |103a [/080. 11050, 1 1020.] J010. [lo00.
7. Srt++
8. Al+++
9. T-Fett
10. Mn
11 5i0,
2. New [“229. | 7920, |3)50, (3400 [ 3450, 3590. '3240. |3630
13 T-Alk
14 P-Alk
15.1 Sol.Alk
-16. T0C

* A11 Alkalinities as CaCO;
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APPENDIX I — HOW DOES THIS CATION EXCHANGE SOFTENING PROCESS SUCCEED?

Softening saline water by IX for desalting pre-
treatment and then using the desalting reject as
the sole regenerant may not seem logically possible
to those unaquainted with some of the basic
physiochemmical relationships of IX. On the basis
solely of mass balances between Na*and Ca*, this
IX-desalting process may seem reminiscent of a
perpetual motion machine because there is no
supplemental input of chemicals to sustain the
process. Even some of the Na* is lost and unavail-
able for use as regenerant in the reject brine when
membrane desalting is used because rejection of
Na*by the membrane is not total. Successful cyclic
operation is aided by — but not generally dependent
upon — regenerant recycling. The following simpli-
fied basic IX expressions explain how the process
works for the case when regenerant is not recycled.
A later section in this appendix includes a mass
balance of Na* in the process when regenerant is
recycled.

Simplified mathematical expressions for the cation
exchange softening process [30] clarify the basic
chemical thermodynamic driving forces at equi-
librium. More rigorous equations are available
elsewhere [31, 33], but the following equations
demonstrate the principle chemical mechanism of
monovalent-divalent ion exchange.

Equilibrium Expressions

The process of cation exchange softening, removal
of primarily Ca** and Mg** from water and their
replacement by an equivalent amount of Na* is
expressed by:

TH*+2Na* = TH" + 2Na* (I-1)
The TH** (total hardness) means Ca** plus Mg*™. A
bar above indicates an ion attached to the cation
exchange resin or the resin phase and without a
bar indicates the aqueous solution phase.

The mass-action expression for this exchange at
equilibrium on a microscale can be written:

fTH Cr%a

Cl%a CTH

Kii/na =

where Cy, and C;,; are the molar concentrations
of reactant and products in moles per liter and
K+i/na 18 @n average equilibrium constant. The

activity coefficients of the individual cations in
solution and in the resin phase are assumed to
equal 1.0 and have been left out of this ap-
proximate relationship for mathematical simpli-
city. Activity coefficients approach a value of 1.0
in dilute solutions but are nearly impossible to
measure in the resin phase. Also, this equation
does not account for mass transfer or kinetic
rates, and does not consider a finite bed size
wherein equilibrium concentrations vary with
depth intothe bed and the bed is not fully exhaust-
ed. Yet this simplified equation is useful for
illustrating the general equilibrium behavior and
driving forces for cation exchange softening.

Equation I-2 can be converted to an equivalent
fraction form:

YTH

X
—_— =K
(1- X2 TH/Na

[
C (1= Xpyp?

(I-3)

where:

X1y = the fraction of total equivalents in solution
which are Ca** plus Mg** The bar above again
indicates the resin phase. The remaining
cations are assumed to be Na* so that X, +
Xna = 1. Over 90 percent of the cations in
many brackish waters consist of Na*, Mg*,
and Ca"™

C = the total equivalent concentration of cations
in equivalents per liter of solution (not indi-
vidual molar concentrations as in equation
I-2). Note that C is proportional to the TDS
concentration, and

'C = the total cation exchange capacity of theresin
in equivalents per liter of resin.

The derivation of equation I-3 is not difficult and is
contained in references 30, 31, and 33. Reference
31 contains a more exact approach for the ternary
system of Ca*2 Mg*2 and Na*.

Several aspects of this IX process can be illustrated
using equation I-3. The values of Ky, \,and C are
primarily a property of the resin and relatively
constant in the present case of fully ionized cation
exchange. During softening, the resin is exhausted
with brackish feed water. The feed water at the
YDTF had a C of about 0.05 meq/L. Equation I-3
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indicates that a lower C favors greater absorption of
TH** onto the resin phase from the solution and
simultaneous desorption of Na** from the resin into
the solution. During regeneration, the higher C of
the regenerant (about 0.55 eq/L in 35 g/L fresh
regenerant from 92-percent recovery desalting
reject at the YDTF) accompanies greater exchange
of the TH* in the resin for Na* from solution. In
addition, since the desalting reject is concentrated,
softened water, X, for the reject is considerably
iower than that for the unsoftened feed. This also
drives the regeneration of the resin to the Na form,
achieving a low Xq,,.

The key point demonstrated using equation 1-3 is
that the higher total concentration C of the IX
regenerant (desalting reject) as compared to the IX
feed tends to favor absorption of the divalent
cations during service or exhaustion, but tends to
drive elution of the divalent cations from the resin
during regeneration. This effect becomes more
important with higher desalting recoveries because
thenthere is a larger factor between values of C for
the IX feed and regenerant.

In an earlier Bureau of Reclamation report [10], it
was stated that it was unlikely that IX softening
with reject brine regeneration could be carried out
where the ratio of sodium to calcium equivalent
concentrations in the IX feed was less than 1.8.
Application of equation 1-3 shows that such a 1.8
ratio limitation to ail water compositions and de-
salting recoveries cannot be strictly adhered to.
This is especially true when Na" can be passed
through the resin more than once through re-
generant recycling.

Conservation of Na*Due to Regenerant Recycling

A sodium to calcium ratio limitation almost com-
pletely disappears when regenerant is recycled.

Sodium accumulates and cycles within the IX
desalting process in the regenerant recycling
system and between the IX and desalting unit. This
can be illustrated using the data for cycle 4.02.42.
A mass balance of Na* per cycle for cycle 4.04.42 is
shown on figure I-1. In terms of this Na* mass
balance, it is seen that the process requires that
there be sufficient Na*in the partially softened feed
{on average) to offset outputs of Na* from the
system in a cycle. The loss of Na* in the rinse
effluent and drain could be eliminated by further
recycling this stream as in the recommended 1X
cycle (table 14). Because the loss of Na* in the
desalting product and in the spent regenerant are
approximately proportional to the Na* concen-
trations in the system, these Na* concentrations
reach a level where the output of Na* equals the
input at steady state. (The concentration of Na* in
the desalted product is relatively high in this experi-
mental example because of the primary purpose for
which the ED was being operated, which was to
produce reject brine for IX regeneration rather than
to produce a low TDS product water.)

Thus, the rule of thumb suggested by Haugseth and
Beetelshees[10]that the equivalency ratio of Na*to
Ca™ should be greater than 1.8 to avoid the
requirement for supplemental NaCl is not valid —
particularly when regenerant recycling is accom-
plished. Rather, the Na* to Ca' ratio is largely
irrelevant, in this case, and other process variables
and relationships dominate as just outlined. Hope-
fully, further modeling in the future will better
define these relations and the limitations posed by
a feed water composition and desalting recovery.
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57 kg + 0.1 kg

2.5 kg

"Spent” Regenerant to Waste
17.4 kg

Portially Softened Feed and Rinse l

1.3 kg
Desaited Product

DESALTING
UNIT

75 kg

CATION
EXCHANGER

Tt

Used Regeneront

REGENERANT
RECYCLING

17.4 kg

Softened 1X Product

6.2 kg

Recycled Regenerant

09 kg + 1.1 kg

Desalting Reject—Fresh Regenerant

Rinse and Drain to Waste

Figure 11. — Mass balance of Na* during cycle 4.02.42.
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Mission of the Bureau of Reclamation

The Bureau of Reclamation of the U.S. Department of the Interior is
responsible for the development and conservation of the Nation’s
water resources in the Western United States.

The Bureau’s original purpose “to provide for the reclamation of arid
and semiarid lands in the West” today covers a wide range of interre-
lated functions. These include providing municipal and industrial water
supplies; hydroelectric power generation, irrigation water for agricul-
ture, water quality improvement; flood control; river navigation, river
regulation and control; fish and wildlife enhancement: outdoor recrea-
tion; and research on water-related design, construction, materials,
atmospheric management, and wind and solar power.

Bureau programs most frequently are the result of close cooperation
with the U.S. Congress, other Federal agencies, States, local govern-
ments, academic institutions, water-user organizations, and other
concerned groups.

A free pamphlet is available from the Bureau entitled ‘‘Publications
for Sale.”” It describes some of the technical publications currently
available, their cost, and how to order them. The pamphlet can be
obtained upon request from the Bureau of Reclamation, Attn D-922,
P O Box 25007, Denver Federal Center, Denver CO 80225-0007.




